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Interest in the culture of  tilapia unites farmers and researchers on nearly all continents 
in a way more reminiscent of a major agricultural commodity than a fish. Despite having 
been cultured for over 2,000 years, the majority of  research on tilapias has been in the 
field of  ichthyology of natural  populations with some emphasis on raising tilapia in 
aquaria. Since the 1980s,  however, the world has seen a major upswing in the culture 
of tilapia, chiefly Nile tilapia (Oreochromis  niloticus) and in related research, especially 
on tilapia biology, including genetics. 
This volume of symposium proceedings shows a strong interest in production systems 
research and a dawning interest in socioeconomic research. Both of these fields of  research 
are  expected to  receive much greater attention in the Future as  the economic and market 
.  importance of  tilapia increases and as we  seek to  understand better the distribution of 
benefits of  the different production technologies. 
Tilapias, because of the low cost and relative ease of  their production, are  a potential 
food fish staple for many people in tropical countries and a globally traded commodity. 
Tilapias are used as  live feed in the culture of  some high-value  predatory fish and are 
also marketed as  value-added products (fillets, sashimi) in international trade. This diversity 
in potential end uses means that future research will have to  address a wider spectrum 
of challenges. 
With existing achievements  and future challenges in tilapia research in mind. ICLARM 
is  pleased to  join  with the Centre de  recherches oceanologiques (CRO). Abidjan. CBte 
d'lvoire, the lnstitut franpis  de  recherche xientifique pour le dWeloppement en  cooperation 
(ORSTOM) and the Centre de  coop&ation  internationale en recherche agronomique 
pour le developpement (CIRAD)  in publishing these  proceedings of The Thircflnternational 
Symposium on  Tilapid in Aquaculture. Thanks to  the many individuals and organizations 
whose  contributions and support enabled the  holding of  the symposium and the production 
of these proceedings; especially, the Ministgre fran~ais  de  la Cooperation, ORSTOM, 
CIRAD, the Centre technique de  coop&ation agricole et rurale (CTA), the Agance de 
coopCration culturelle et  technique (ACCT), the lnstitut national de  recherche agronomique 
(INRA) and the lnstitut des  Savannes (IDESSA). 




The  Third International Symposium on  Tilapia in Aquaculture (ISTA Ill) was  one  of the 
largest aquaculture conferences ever held in Africa. Building upon the  work presented 
at ISTA  I  (Nazareth, 1983) and ISTA I1  (Bangkok, 1987)  and upon the ever-increasing 
research efforts in support of tilapia farming, the  proceedings of  ISTA  111 will, we trust, 
be seen as  another milestone in the  development of tilapia as  a globally accepted fish 
commodity and a contribution to the development of tilapia Farming. 
Africa, the "home of  tilapias," has  yet to beneFit as  much from tilapia farming as  have 
other regions. However, AFrican aquaculture research and development are producing 
promising results, despite  the  economic difficulties under which much of  these  are  undertaken. 
Among  the  64 papers and 1 7 abstracts  oFposter papers published here, 20 were  contributed 
by African participants. We  hope that support for the development of  aquaculture in 
Africa-particularly  using species like the tilapias-fish  that feed low in  the food chain 
and that can be  farmed efFiciently and without undue environmental impacts-will  be 
increased and that Africa will  become a  more significant producer of  farmed tilapias 
both for its own people and for export to the  rest of the  world. 
ISTA Ill was  generously supported by the  Agence  de  cooperation culturelle et  technique 
(ACCT), the Centre de  cooperation internationale en recherche agronomique pour le 
developpement-DCpartement d'elevage et  de medecine veterinaire (CIRAD-EMVT), the 
Technical Center of Agricultural  and Rural  Cooperation (CTA), the French  Ministry of 
Cooperation, the lnstitut national de la recherche agronomique (INRA) and the  lnstitut 
frangais de  recherche scientifique pour le  d6veloppement en cooperation (ORSTOM). 
Information concerning these  and others  who  assisted ISTA Ill is given at  the end  of this 
volume. 
The long period that it has taken to publish these proceedings since ISTA Ill was held 
is  regretted. Those concerned underestimated the difficulty of  the task of compiling 
thoroughly edited, bilingual proceedings. This entailed very lengthy correspondence 
with some  authors and among the editors, who  wished to  maintain high standards of 
scientific publishing and to  include, as  far as  possible, all information presented. Despite 
the  long hiatus, we  hope that the  value of  these  proceedings has not been diminished. 
We  applaud and thank all those who  contributed to  the  success of ISTA  111 especially 
the  organizing committee: Jean-Francois Baroiller, Adou Cisse, Jean-Rene Durand, Saurin 
Hem, Catherine Lhomme-Binudin, Pierre Luquet, Kassoum Traore and Michael Vakily. 
We  also thank Jean Baptiste Avit, Adou Cisse, Ziriga Josue  Oterne, Sylvain Cilles, Remy 
Dugue,  Jesus  Nunez-Rodriguez and  Jean-Franqois  Agnese for their help  with the  blueprint. 
As we  go to press, ETA IV  has been announced. It will be held in Orlando, Florida, on 
9-1 2 November 1997. ISTA 1V  will doubtless be  an opportunity for the  world to  see the 
giant steps that tilapia farming has taken since ISTA  111 and we  wish its organizers and 
participants every success  as  they contribute further to  one  of  the  Fastest growing sectors 
of  world food production. 
The  Editors A. KEYNOTE PAPERS 
World Tilapia Culture and Its Future Prospectsa 
R.S.V.  PULLIN 
Interna  Pional Center br  Living 
A qua  tic Resources  Management. 
MCPO Box 2631,  0718 Makati 
Metro Manila, PMippines 
PULLIN, R.S.V.  1996. World tilapia culture and its future prospects, p.  1-16. In R.S.V.  Puliin. I. Larard, M. 
Legendre and J.B.  Amon Kothias and D.  Pauly (eds.) The Thlrd International Symposium on Tllapia in 
Aquaculture.  ICLARM Conf. Proc. 41. 575 p. 
Abstract 
Tilapias are farmed worldwide in  tropical and subtropical areas and occasionally elsewhere where warmwaters 
(thermal effluents or geothermal springs) are available.  FA0  statistics (1985-88)  report tilapla culture In 68 
countries. The annual global production of Farmed tilapias, actually reported as such. ha5 been static over 
this period: 263,000 t in 1985 and 264,000 t in 1988. If, however, estimates of production from Egypt and 
Vietnam (which are sometimes reported as "freshwater fishes") are included by assuming that this is nearly 
all tilapias For Egypt and 50% tllapias for Vietnam in 1988, then the global total for farmed tilapia production 
in 1988  was about 380.000 t. Over 95% of current production is Oreochromis  spp. and their hybrids. with 
0. niloticus the predominant single species. Prospects for expansion OF  tilapia culture depend upon matchlng 
future Research & Development (R&D) efforts to  the needs and circumstances of producers (most of  whom 
will be new entrants, not only to tilapia culture but to any form of fish  husbandry) and of consumers of 
domestic and export produce. The constraints to expansion of tilapia culture are, as in  warmwater aquaculture: 
negative attitudes and pollcles, poor breeds, poor nonsustalnable farming systems and possible adverse 
environmental impacts. 
Recent Production Statlstlcs 
for Tllapia Farming 
and  Their Significance 
Table  1  lists the best available statistics 
for farmed tilapia production from 1985 to 
1988. In Africa, there are 29 tilapia farm- 
ing  countries  but only  seven  produce > 
100 byear-'.  In Asia, 16 countries farm tilapia 
and nine produce thousands or tens of thou- 
sands of  t.year-'.  Other regions have fewer 
tilapia farming countries (Caribbean, seven; 
Europe, one; Latin America,  10; Mediter- 
ranean/West  Asia.  five;  Pacific, two; and 
the USA) and production in these regions 
rarely exceeds hundreds of t.year-'  for a 
single country. Such statistics are difficult 
to collect from remote areas and there is 
probably under-reporting.  There are also 
"ICLARM Contribution No. 841. 
some inclusions of  catches From "enhanced" 
or "culture-based"  fisheries: for example, 
nearly all the Cuban production  derives From 
stocked reservoirs. What do  such statistics 
mean? Is tilapia farming doing  well? Does 
this production represent a good  return on 
investment in R&D? The overall answer would 
be "probably no," or at least "not yet." 
At  the close of  ETA I1 (Pullin et al. 1988), 
tilapia farming seemed to have "come of 
age" because  of the successes of ISTA I 
(Fishelson and Yaron 1983) and [I:  a grow- 
ing enthusiasm for tilapia farming, a large 
supportive research effort and indications 
of progress towards solving long-standing 
technical problems such as population  Fon- 
trol. Moreover, tilapia farming is clearly not 
yet  significantly hampered by diseases (there 
are only five papers on diseases out of a 
total of  259 in the three ISTAs) or by diffi- 
culties in persuading the fish to  breed and 
to  grow on a wide range of cheap feeds. Table 1. Production of tilapias from aquaculture (1985-88). Entries in brackets are production data reported to FA0 as  "freshwater fishes," nottilapias perse  N 
and are included for those countries in which they include some significant tilapia production. All data are taken from the most recent information (FA0 
1990). unless referenced  otherwise. All remarks have been added by the present author. Blank entries here do not necessarily mean zero production; many 
reflect the difficulties of obtaining reliable information. This table is modified and updated from Pullin (1991). 
Production (t) 
Country  Species cultured  1985  1986  1987  1988  Remarks 
Burkina Faso  0.  nil0  ticus 
Burundi  Various ti  lapias 
Cameroon  Various ti  lapias 
Central African  0.  nil0  ticus 
Republic 
Congo  0.  nflo  ticus 




Tidpia sparrmdnii  2  Culture of other species is anticipated. 
Various tilapias  11  15  14  17  This probably includes Oreochrornis. 
Sarotherodon and Tiiapia spp. Exotic species 
including 0.  niioticus and 0. spilurus have been 
recently introduced. 
43  40  36  7  Further development of  aquaculture will probably 
concentrate on this species. 
2  21  25  24 
91  87  96  1  16  The best prospect for future expansion is 0. 
niloticus culture . 






0.  nil0  ticus 
L  ziilii 
Various tilapias 
0.  nil0  ticus 
0.  nil0  ticus 
Various ti  lapias 
0.  nil0  ticus 
Liberia  0. niloticus 
Madagascar  Various tiiapias 
39  82  115  200  As for Cameroon. 
559  503  648  740  There are good prospects for expansion of 0. 
nibticus  culture. There is also research to find 
suitable species or hybrids for brackishwater 
lagoon culture. 
1  Much of the country is too high and cold for 
tilapia culture. 
(2)  (3)  (3)  (2)  There is scope For  expansion of aquaculture 
using brackish- and freshwater tilapias. 
32 I  225  270  297  Other cultured species include S. galilaeus. S. 
melanotheron  and  T. zjllji. 
2  1  1 
113  114  12 1  169  Other cultured species include 0.  spilurus and T. 
aliii. 
8  6  3  2 
74  36  38  42  Small quantitites of tilapia, principally 0. 
nilotjcus, are grown with common carp. 
continued Table 1 (continued) 
Production (t) 
Country  Species cultured  1  985  1986  1987  1988  Remarks 
Malawi  Various tilapias  65 
Mozambique  Various tilapias 
Niger  0.  nifoticus  7 









0.  niloticus 
0.  niloticus 
0.  nifoticus 
0.  nilotlcus 
0.  niloticus 
0.  niloticus 
Various ti  lapias 
0.  nifoticus 
Zambia  0.  andersonii 
Zimbabwe  Varlous tilapias 
Subtotals Ibr 29 
countries' 
There is successful tilapia culture, principally 0. 
shiranus and T. rendafli, on sugar estates and in 
small village ponds. 
Probably mainly 0.  mossambicus; culture of other 
native tilapias and possibly 0.  niloticus is likely 
to expand. 
0.  niloticus is the only significant species 
cultured. 
Nigeria has good prospects for expansion OF 
freshwater aquacuiture (0.  nilotjcus) and coastal 
aquaculture using native species. such as 5. 
melanotheron and hybrids. 
0.  niloticus was introduced. 
Aquacutture is expanding using 0. nilotjcus. 
As for Senegal. 
There Is probably some production of other native 
tilapias, such as  T. .?/Mi. 
Culture of native tilapias and exotics. particularly 
0.  njloticus, is likely to expand. 
Culture of native species (such as 5.  galjfaeus and 
T. ziflit)  and exotics, particularly 0. nifoticus  and 
0.  macrochir, is likely to expand. 
Probably mainly 0. nifotkus. 
Tilapia culture is expanding in Zaire. There is 
probably also significant culture of other tilapias, 
such as 0. macrochir. 
The statistics may now include other native 
species. introduced 0. niloticus and hybrids. 
Now an expanding tilapia culture industry. 
changing from culture of native species, such as 
0. mossambicus and T. renda/ll, to exotlcs. such 




continued Table I  (continued) 
Production (t) 














0.  mossambicus 
0. niloticus 
0.  mossambicus 
Various tilapias 
0. nil0  ticus 
0.  nil0  ticus 
(and 0.  mossambirus) 
Various tilapias 





0.  nil0 ticus 
0.  ni/oticusculture is just beginning and will 
probably develop rapidly. 
Culture of 0.  nilotlcus in  ricefields and ponds 
0. mossambicus is likely to expand. 
Tilapia culture is expanding especially in the 
warmer southern provinces. 
Freshwater aquaculture in Hong Kong is 
disappearing as land values rise. 
Traditional attitudes are changing. There is 
interest in  acquiring good strains of 0.  n/lot/cus. 
Tilapia culture is expanding, including now cage 
culture of red hybrids. 
Future expansion is unlikely because of the cold 
climate. 
As For  lapan. 
These species are present for aquaculture. 
It has been difficuIt to separate species and 
hybrids in the statistics. 
0.  niloticus culture is likely to expand. 
This species is present For  aquaculture. 
There is new interest in tilapia culture in 
Pakistan, particularly in acquiring new stocks of 
0. nil0  ticus. 
There is interest in  seawater culture of  0. 
mossarnbicus and hybrids. Culture of 0.  niloticus 
is expanding. 
continued Table 1 (continued) 
Production (t) 




TiIapias: mainly  5 1,820 
0.  nifoticus x 0.  aureus 
and other Orechromis 
hybrids 
0.  mossarnbicus  1,432 
0.  nilo  ticus  15.128 
Various tilapias  50,696 









US Virgin Islands 
Subtotals Ibr 6 
countries 
Various tilapias  30 
0.  nil0 ticus  1,046 
Various tilapias 
0.  nilo t/cus 
Various tilapias  6 
A large, dynamic tilapia culture industry using 
highly intensive systems. The statistics here are 
from the Taiwan Fisheries Bureau. 
0.  niloticus is the prefered species. 
Some red hybrids are also cultured. 
Tilapia culture (mainly 0.  niloticus, 0. 
rnos~mbicus  and hybrids) is likely to expand. 
Freshwater and seawater systems: red tllaplas are 
esteemed. 
Largely reservoir production and probably an 
underestimate as 0. niloticus is also present in 
Cuba. Production is expanding. 
Tilapia culture is probably now expanding. 
Production is expanding rapidly. 
Freshwater pond and cage culture are being 
encouraged. 
Probably mainly 0.  aureus. 
bExcludes  Bangladesh, Cambodla, Laos (and Vletnam for  1987 and 1988).  continued m 
Table 1 (continued) 
Production (t) 











Subtotals For 9 
countries' 
Various tilapias 
0.  nifoticus 
T. rendalli 
Various tilapias 
0.  nifoticus 
Various ti  lapias 
0.  mossambicus 
Various ti  lapias 
0.  a  ureus 
0. nifoticus 




CY  PN~  Various tilapias  2  2 
Egypt  0. nlloticus  (47.346)  (50,000) 
0.  aureus 
Z zim 
Greece  Various tilapias 
Progress towards sustainable aquaculture has 
been slow. 
Production of 0.  nilotjcus and red tilapias 
is expanding. 
Probably mainly 0. niloticus, 0. aureus and some 
T. rendalli. 
No  recent information available. 
Probably Oreocbrornis species and hybrids. 
As for Guatemala. 
0. niloticuscutture is most likety to expand 
in integrated farming systems. 
0.  nifoticus and hybrid tilapia culture may expand 
in the forest regions isolated horn marine fish 
supplies. 
Limited culture of Oreochromis species and 
hybrids; obvious climatic restrictions. 
Egypt cultures 0.  niloticus, 0  aureus and 
T. u7lii but statistics are disaggregated. 
As for Cyprus. Onty intensive wmmerclal 
systems. with seasonal environmental control, 
are possible. 
'Lacking  data from Brazil.  continued Table 1 (continued) 
Production (t) 





Subtotals Ibr 5 






Various tilapias,  4,i 14  3,238 
mainly 0.  nibticus 
x 0. aureus hybrids 
Various tilapias 
Various ti  lapias  225  357 
0.  niloticus 
0.  niloticus 
Various tilapias 
Various titapias 
0.  niloticus (and 
other tilapias?) 
A dynamic tilapia culture industry and a world 
in intensive culture technology. Expansion is 
limited by climatic constraints and arldlty 
A large research effort into saltwater culture of 
tilapias showed 0.  spIIurus to be a suitable 
species for commercial aquaculture. 
Saudi Arabia, in common wlth some other Gulf 
States, seeks food security through Intensive 
domestic production. Tilapla culture is just 
beginning. 
Similar climatic constraints to Israel. 
Heated water culture (power station effluent). 
There is a growing interest in 0.  niioticus culture. 
Mainly 0.  nilotkus and hybrids. Including red 
tilapias. 
0.  nifoticus cutture in  a power statlon In 
Khazakstan has been reported. 
dExcludes  Egypt; data lacking for Kuwait.  continued Table  1  (continued) 
Production (t) 
Country  Species cultured  1985  1986  1987  1988  Remarks 
US  A  Various tilapias  5 
Subtotals for 4 
coun  trjeg 
TOTALS 
ADJUSTED TOTALS 
20  There is some culture of Oreochromis  species and 
hybrids in the warm southern states and in 
geothermal waters. Climatic constraints and bans 
on introductions/transFers  of exotic species may 
limit expansion, but some commentators 
forecast otherwise (Davlin 199  1 ). 
'Lacking data From Khazakstan. 
Includes freshwater fish data From  Egypt as  if all is tilapia (1  985 147,346 t], 1986 [50,000  t] and 1988 157,100  t]). 
 includes freshwater fish data from Egypt as  if  all is tilapia (1987 151 -300  t] and  f 988  [57,  I00  t1)  and freshwater fish data from Vietnam as  if 50% is tilapia 
(1987 [57,500  t]  and  1988 157,500  tl). This enthusiasm may have lessened. The 
overall rate of increase in  tilapia production 
from  1985 to 1988 was only 7.3%.year-' 
on  the adjusted figures (Table 1). It probably 
remains slow: for example, productlon in 
Talwan was 47,089 t in 1989 and 53,103 t 
in 1990  (Fisheries Yearbook, Taiwan Area, 
1989-90). Furthermore, there is only one 
or a few leading  countries in each developing 
region, while the rest produce relatively 
little. Given the many positive attributes 
of  tilapias as farmed fish (Pullin 1985), what 
is holding back tilapia farming in most 
developing countries? 
Constraints 
Ignorance and Risk 
Very few people know how to farm tilapias 
well. Moreover, tilapia farming systems are 
very variable.  In the Philippines, the big- 
gest producer in  the world, tilapias are farmed 
in fresh- and saltwater ponds, as  mixed- 
sex or monosex male stocks, in mono- or 
polyculture and also in cages,  ricefields, 
tanks, etc. Progressive farmers are always 
trying to find ways to improve these sys- 
tems. Potential new entrants to tilapia farming 
remain ignorant of how to do it and per- 
ceive it as a risky enterprise. The solution 
everywhere is to develop sustainable and 
environmentally acceptable tilapia farming 
systems in which new entrants can have 
confidence.  Tilapia farming as  a part-time 
enterprise in integrated farming systems 
has a great appeal because it can help to 
spread risks (Edwards et al. 199  I). 
Inappropriate Supportive Research 
Pullin and Maclean  (1 992) reviewed over 
2,400  research publications on tilapias, 
mostly comprising research in a single dis- 
cipline: 94% biotechnical and 1.4% social 
science (mainly economics). Only Soh were 
considered interdisciplinary. Thus, there are 
large interdisciplinary  and social science 
research gaps in  the technical support base 
for tilapia farming. Moreover, researchers 
themselves usually conceptualize problems 
and needs without consultation with Far- 
mers. 
A nti-tiiapia A ttitudes 
Where tilapias are native fish, they are 
almost always regarded as  an excellent 
human food and a valued natural resource. 
Anti-tilapia attitudes are restricted to ar- 
eas in which tilapias have been or could 
be  introduced  as  exotic  species  for 
aquaculture or enhanced fisheries. This has 
not been well-documented in  the primary 
scientific literature. Information from Latin 
America, the Pacific or South Asia (the  main 
regions where anti-tilapia  attitudes are preva- 
lent) is largely in reports or in semi-tech- 
nicnl and popular serials. Uwate et al. (1984) 
have reviewed the situation for Pacific Is- 
land nations, most of which dislike tilapias, 
Fiji being a major exception.  Nelson and 
Eldredge ( 199  1  ) have reviewed the effects 
of tilapia introductions in  the South Pacific 
and Micronesia. 
The basis For anti-tilapia attitudes is two- 
fold: ( 1  ) a preference for and an impression 
of the "superiority" of nontilapiine native 
species that are traditional foods and (2) 
bad experiences with tilapia introductions 
or news OF this from elsewhere. 
Preference for farming native species is 
not only understandable, it is sensible. Clearly, 
aquaculture development in Africa should 
use tilapias, catfishes and other species, 
including native carps, rather than follow- 
ing external or local advice to use exotic 
species. Such  an  approach,  aiming at a 
valorization of autochtonous species for 
aquaculture,  has been particularly devel- 
oped in Cdte d'lvoire since the mid-  1970s 
with good results and prospects (Hem et 
al., 1994).  Another example is Malawi, which 
is now endeavoring  to  eradicate the "mistake" 
of inappropriate introduction by destroying common carp (Cyprinus carpio) stocks in 
the southern region, lest it kome  transferred 
to the Lake Malawi catchment and establish 
itself there with  unpredictable ecological 
consequences. Africa  has a great wealth 
of  native  species to be  screened  for 
aquaculture use, not just the tilapias. 
In  Asia, Latin  America and the Pacific, 
however, the position is more complex. The 
history of tilapia introductions started there, 
as in all developing regions, with narrow 
genetic stocks of  Oreochromis  mossambicus, 
mostly derived  From  a tiny feral  popula- 
tion. These introductions gave poor stocks 
for aquaculture. Moreover, escapees some- 
times became  widely established in inland 
and coastal waters, outcompeting highly 
regarded native species and interfering with 
aquaculture and Fisheries operations (e.g., 
Phillippart and Ruwet 1982: Gillett 1889). 
There are no comparable reports of  ad- 
verse ecological consequences of introduc- 
tions OF 0. niloticus, which has become the 
basis for most of the world's tropical fresh- 
water tilapia culture. In  many countries, 
however, 0. mossambicus has given all 
tilapias a bad reputation. It  is a highly op- 
portunistic, euryhaline and  eurythermal 
species. Paradoxically, it is not necessarily 
a bad species for all  purposes:  for exam- 
ple, it provides valuable fisheries in Sri Lankan 
reservoirs (De Silva et al. 1988;  Amarasinghe 
and De Silva 1992).  Its African nativestocks 
have never been thoroughly screened for 
aquaculture potential. Moreover, it provldes 
an  important food source for some very 
poor coastal dwellers (Costa-Pierce 1988). 
Attitudes to further development of tilapla 
culture in  which tilapias are exotic as Fol- 
lows: 
PERSISTENTLY ANTI-TILAPIA  AND LIKELY 
TO REMAIN SO. 
Countries that seek expansion  of 
aquaculture but that have never imported 
tilapias and fear the ecological consequences, 
prefer native species, or  both-e.g., Ne- 
pal. 
Countries that attempted to develop 
aquaculture (mainly using 0. mossambicus) 
and which experienced Failures, ecological 
disruption, non-acceptance of  tilapias or 
combinations of  these-e.g.,  Kiribati. 
Countries into which  tilapias were 
unofficially or accidentally introduced and 
escapees became pests-e.g., Australia. 
FORMERLY ANTI-TILAPIA  BUT NOW CHANGING 
OR LIKELY TO  CHANGE. 
Countries that farm native species and 
Fear disruption by tilapia introductions, but 
still need good species for low-input, rapid- 
cycle, small-scale systems or for larger-scale 
intensive systems--e.g., Bangladesh, India 
and Pakistan. 
Countries with little aquaculture,  with 
potential for tilapia farming and with fears 
of  ecological disruption diminishing after 
good experiences with 0. niloticusand salt- 
tolerant hybrids--e.g., Puerto Nco and other 
Caribbean nations. 
BECOMING LESS  FAVORABLE? 
Countries that Formerly introduced tilapias 
for aquaculture but in  which aquaculture 
technology for preferred native species is 
now being developed and/or Fears about 
the ecological disruption persist+-g.,  much 
of  South America. 
STILL  EVOLVING 
Countries in  which  aquaculture is 
newly evolving and the relative importance 
of  carps, tilapias. catfishes and other species 
is not yet determined--e.g., Cambodia. Laos 
and Vietnam. 
Countries in  which  climatic factors 
(cold seasons, aridity or both) limit tilapia 
culture unless cost-effective solutions are 
found--e.g., China (parts of),  Europe, japan, Korean peninsula, Mediterranean, West Asia 
and USA (mainland). 
KEEN TO EXPAND TlLAPlA CULTURE. 
Countries in  which tilapias are popular 
as farmed fish  and there is scope for  in- 
creased production for domestic consurnp- 
tion, export or both---e.g., southern China. 
Fiji, Indonesia, Malaysia, the Philippines and 
Thailand. 
With  respect to tilapia transfers,  past 
mistakes should not be repeated. Interna- 
tional Codes of Practice for transfers of  exotic 
species should be followed. However, some 
of  the private sector and some high 01%- 
cials will probably continue to make trans- 
fers without adequate appraisals. Two ex- 
amples from the past, recounted by Gillett 
(1989)  illustrate this attitude and the pos- 
sible consequences-usually  a permanent 
legacy: 
In  Western Samoa, the following advice 
was given to the government to start tilapia 
(0.  mossambicus) culture: 
"It is  evident that it would be 
preferable to investigate all fac- 
tors for a whole year, but this 
would involve great expense and 
even then, there might be some 
uncertainty with a few points. 
It is much cheaper to start with 
an experimental pond and stoclc 
it with tilapia (Van Pel  1954)." 
The view of  the Minister for Natural 
Resources  Development  in  Kiribati, as 
reported by  luta (1989), was: 
"The well-known tilapia fish was 
introduced in our Ash  ponds and 
landlocked  lagoons by  well- 
meaning developers to increase 
protein supply. The result was 
that this highly competitive fish, 
which rarely grows larger than 
six inches in  Kiribati, has replaced 
the culturally,  commercially and 
nutritionally important milkfish 
.... If only applied research on 
the ecology of tilapia ... had been 
conducted before the project." 
Persistent Technical  Problems 
POPULATION CONTROL 
Population control in  farmed tilapias has 
ken  reviewed by  Baroiller and Jalabert  (1  989) 
and Mair and Little (1991).  They mention 
a wide range of  methods: sex reversal by 
androgenic hormones, intermittent harvest- 
ing, manual sexing, predators, high density 
stocking, cage culture, delayed sexual 
maturity, sterilization, hybriditation and the 
"W"  broodstoclc route for 0. niloticus. Out 
of all these options, very few have progressed 
from  use  in  experimental  studies  or 
development trials to widespread adoption 
by  farmers. The exceptions  are combinations 
of hormonal sex reversal and hybridization 
(widely used  in  lsrael and Taiwan) and 
hormonal sex reversal of 0. nlloticus, which 
is becoming more widespread in Asia. 
Elsewhere, research proposals and de- 
velopment project  plans still select ap- 
proaches to tilapia population control more 
or less on guesswork and hardly ever with 
a thorough assessment of user (farmer and 
consumer) perspectives. 
POOR BREEDS 
Tilapia  farming, like  all  warmwater 
aquaculture, has been very slow in  recog- 
nizing the scope for improvement of  farmed 
breeds by  applied genetics. As reviewed 
by  Pullin and Capili (1988),  most farmed 
tilapias derive from very small founder stocks 
and little has been done in  most countries 
(exceptions are Israel and Taiwan) to im- 
prove farmed breeds, other than ocwsional 
attempts at hybridization. Until  recently, 
there were no attempts to apply additive 
selective breeding to Farmed  tilapias: an approach that has been well-proven in live- 
stock but so far only with salmonids in 
aquaculture (Gjedrem 1985). 
Immense opportunities have been lost. 
For example, a founder stoclt of 0.  nilotlcus 
collected From  the wild  in  Egypt in  1962 
was transferred to japan and .its descend- 
ants used for transfers to  Thailand in  1965 
(and from thence to  the Philippines in  1972). 
This "strain" is still used by tilapia Farmers: 
known as  "Chitralada" strain (Thalland)  and 
"Thailand" strain (Philippines).  After 26  years 
(certainly more than 50 generations) un- 
der "domestication."  the performance of 
the 'Thailand" strain in the Philippines, across 
a range of  environments, is inferior or similar 
to  that of a new founder stock of wild Egyptian 
Fish  collected in  1988 (Pullin et al.  1991  ; 
Eltnath et  al. 1993). 
This neglect of the importance of applied 
genetics in tilapia breeding and ignorance 
among Farmers about the genetic conse- 
quences of  stock management means that 
most farmed tilapias are close to  wildtypes 
or worse in their culture performance. So- 
lutions to the problem lie  in  wise stock 
management (Eltnath 199  I), the evolution 
of national breeding programs (Elmath et 
al.  199  1) and the realization  by research- 
ers that the best route to sustainable ge- 
netic gain is  to marry the "one-step" ge- 
netic management  techniques to  which they 
are attracted as  short-cuts to improvement 
(e.g., hybridization, polyploidy and possi- 
bly  transgenic fish) with long-term  addi- 
tive selective breeding. 
POOR FARMING SYSTEMS 
It is  Impossible to disaggregate tilapia 
production  statistics into cage, ponds, 
ricefields, tanks and other farming systems. 
Indeed, ICLARM  proposed the "aquatic 
chicken" label For  tilapias because they can 
be farmed profitably  in  a  wide range of 
systems from simple backyard systems to 
highly intensive  "factory farmsw-as  can 
poultry. 
The success of  any tilapia farming sys- 
tem depends upon its sustainability and 
environmental compatibility, which in turn 
depend upon cost-effective and wise use 
of resources (land,  water, capital and other 
inputs) and coexistence with other enterprises 
and environmental care. At present, most 
new tilapia farms are experiments. This will 
persist until tilapia farming systems become 
better known: more like the routines used 
for poultry. 
The key to a more reliable farming sys- 
tem may be simple. For example, the adop- 
tion of  hapa nursing techniques has allowed 
farmers in  northeast Thailand to become 
more confident and successful new entrants 
to  aquaculture on their small-scale rice-based 
farms (Little et al.  1991  ).  Nursing the fry 
of  tilapia and other Fish  in  a hapa allows 
the farmer to see them everyday, to  watch 
them grow on whatever feed resources are 
at hand and ultimately to release larger, 
more "predator-proof' fingerlings into small 
ponds and ricefields. 
One major  unresolved  issue in  tilapla 
farming is  to what extent hatchery/nurs- 
ery operations and growout will be under 
separate management.  They are separated 
in  most of aquaculture, and tend to be so 
in  the most advanced tilapia Farming  ar- 
eas, such as Israel and Taiwan. Elsewhere 
there is usually a mixture of public and private 
sector seed supply to growers, with some 
gro-aers  raising their own seed. 
Pullin and Maclean (1  992)  recommended 
research "on the dynamics of aquaculture 
enterprises and of  their interactions with 
other enterprises (agriculture, Fisheries, 
forestry, recreation and waste management). 
Resource flows and trade-offs in  terms of 
common 'currencies' (land, water, nutrients, 
energy and cash itselfl must be quantified 
so  that the options for balancing and inte- 
grating aquaculture development can be 
evaluated within Farms, communities and 
wider coastal and watershed areas." 
Within this general framework, it is clear 
that the broad categories OF tilapia farm- ing systems have some  general problems 
(Table 2). Solutions will come from closer 
collaboration between farmers and research- 
ers. Moreover, because of  the possibility 
of genotype x  environment interactions, 
research towards better systems and bet- 
ter breeds must be interactive. 
The Future 
The comments  on inappropriate research 
above apply  not  only  to small-scale 
aquaculture in  developing countries, but 
also to  large-scale corporate aquaculture. 
Davlin (1  99  1) forecasts the entry of a grow- 
ing  number  OF  large corporations  in 
aquaculture and believes this will guaran- 
tee  the  success  OF Future intensive systems. 
He  states: 
"Aquaculture as  an industry has 
been led by  academia/marine 
biologists for 30 years. It  was 
their technological breakthroughs 
that enabled the small farmer to 
look upon aquaculture as an 
additional  source of  income. 
Eventually, the farmer saw  it as 
a way of  life and academia and 
fish farmers made  an early 'odd 
couple'." 
His "odd couple" scenario is  still a fair 
description of  many current relationships 
between academic  tilapia research and tilapia 
farmers. Many companies just get  on with 
the  job themselves and learn by their own 
mistakes. 
Researchers generaljy ignore the fact that 
technology for food production, whether 
generated through private- or public-funded 
research, is not neutral. It will favor either 
large-scale corporate farming concerns or 
small-scale farmers-very  rarely both. 
It  is  probably cheaper, more profitable 
and more environmentally acceptable to 
Farm tropical fish in less intensive systems 
in developing countries; for example, value- 
added white fish products, like tilapia fil- 
lets (Pullin 1984).  Davlin (1991  ) mentions 
new  commercial agreements between Co- 
lombia and the USA to  package and han- 
dle tilapia produced in Colombia and that 
Solar Aquafarms, Inc., California (using  in- 
tensive recycling technology) will produce 
over 2,000 t of tilapia in  1772. Will there 
still be room for small-scale farmers to  pro- 
duce fish for domestic  markets and  export? 
Davlin's (1991) punch line and last word 
is: 
"Tilapia will, during this decade, 
join  catfish  as the dominant 
modest-priced fish in the US, in 
our view." 
The future for tilapia farming remains bright, 
despite the  somewhat disappointing recent 
statistics.  In  Africa,  wherever  inland 
aquaculture flourishes, tilapias are  likely to 
be a  major,  if  not the major Farmed  fish 
commodity. In  Asia, there is  likely to be 
significant expansion of  tilapia farming in 
China and Indochina (Cambodia, Laos and 
Vietnam) and probably also in some  of  the 
major producing countries (Philippines and 
Thailand). In  Latin America and the Carib- 
bean, the situation is less clear. Tilapia pro- 
duction may expand in countries where it 
is already a proven success (e.g.,  Cuba and 
Jamaica)  but native species  may be  increas- 
ingly preferred for aquaculture in much of 
these regions. In  the Mediterranean/West 
Asia, climatic constraints and resource limi- 
tations  will probably prevent much expansion 
of tilapia farming. This also applies to  Eu- 
rope and northeast Asia. Tilapia Farming in 
the Pacific is unlikely to  excite much inter- 
est,  except in  Fiji. In the  USA, if the  market 
for tilapia develops as forecast by Davlin 
( 199  1 ), there will  undoubtedly be more 
attempts to  supply this from US-based Farms 
as  well as from imports. 
Pullin (1  99 1)  forecasts a doubling of world 
tilapia production over the next 10  years. Table 2. Problems associated with tilapia farming systems 
System  Major problems  Farmers' needs 
Cages  Ad  hocdesign, guessed ai or copied from 
elsewhere; poor feed conversion; fouling; 
short operational life. 
Systems specifically designed for tilapias in 
fresh-, brackish- and saltwater. 
Pens,  acadja-enclos, etc.  Still experimental 
Ponds  Nutrient starvation; ad  hoc stock management; 
water availability/quality. 
Tanks,  raceways and other  Largely experimental or guesswork at site- 
intensive systems, including  specific designs. 
recycling 
Hatchery/nursery systems  Low and/or seasonal output of fry/fingerlings; 
no consideration of genetic consequences of 
broodstock management; low adoption of 
rnonosex seed technology. 
Reliable, sustainabk systems that match 
their resources. 
Sustainable systems, well-integrated with 
other enterprises. 
Reliable guidelines--as  exist For  trout 
culture. 
Reliable seed supply systems that maintain 
genetic quality and 100% male seed 
production, where such is appropriate. This forecast can be met, or  exceeded, if 
research is better directed towards farm- 
ers' needs; if  better breeds and farming 
systems are developed together; if  anti- 
tilapia attitudes are changed where they 
are ill-founded; and  iF tilapia farming be- 
comes a more sustainable and envlronmen- 
tally compatible enterprise, well-integrated 
with other development initiatives. 
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Abstract 
A  study conducted  in 1989 and  1990 on aquaculture development In subSaharan Africa suggested 
a typology of the different farrnlng systems using mainly tilapia as cultured species:  (1) subsistence 
fish farming; (2)  artisanal aquaculture  as a small-scale commercial undertaklng: (3) "segmented" aquaculture 
with specialized operators at each level of the production process; and (4) Industrial aquaculture. For each 
of these types of aquaculture, the following major elements were analyzed: target populations,  farming 
techniques, support/extension  structure, financial and economlc profiles, land use as  well as  credit and 
marketing aspects. This type of analysis was used to study aquaculture activities of relative importance that 
are part of  development projects. The identikatlon  of the farming system, Farm dynamics, including 'post- 
project" evaluation, were all studled on the basis of concrete cases.  This study illustrates, among other 
things, the wnstraints limltlng  the development of types 1 and 4 in  terms of economicviability  and reprodudbllity. 
The study also shows that sustainable aquaculture requires From the different partners professlonal skills 
which have often been lacking owing to the insufficient tralnlng of the fish farmers. Suggestions are offered 
for a more harmonious  development of aquaculture  on the Afrlcan contlnent at the level of the governments, 
the funding agencies and the varlous operators involved in this activity. 
Fish  culture in  Africa  is  always being 
restarted and relaunched, llke many other 
agricultural or industrial activities on this 
continent (Freud 1988;  Pisani 1988).  In  1  989, 
subSaharan Africa is  supposed to have 
produced 33,000 t oFcultured fish with tilapia 
as  the  major species ( 14,500  t)  (FA0 1991  ). 
Global estimates for the same year were 
14 million tonnes with 7,300,000  t of fish 
making the contribution from subSaharan 
Africa less than 0.5% of the world production 
of cultured fish. 
Considering the  total level of  funding to 
the  aquaculture sector in subSaharan Africa 
(averaging approximately US$15  million per 
annurn between 1980  and 1990),  most of it intended for the  implementation of deve- 
lopment and R&D projects (62% FA0 1990), 
many questions are raised: 
Does the  lack of tradition in irrigated 
agriculture and stabulating livestock farm- 
ing constitute a handicap to the develop- 
ment of fish culture, an activity still con- 
sidered at its beginnings7 
-  Should subsistence and commercial 
aquaculture be differentiated  in  terms of 
project design and strategies for their im- 
plementation? Based on the  project objec- 
tives (charitable, artisanal or industrial pro- 
duction),  which aquaculture systems  should 
be promoted and how can they be inte- 
grated in the environment and the exist- 
ing inhastructure (lowlands,  hydroagricultural 
belt) as  well as  in the  existing farming sys- 
tems? 
Who should be the "actors" of  this 
new  activity and, more precisely, which actor 
For  which type of fish culture (Satia et al. 
1992)?  In  other  words, can fish farming be 
"everybody's business" as  the  widely spread 
slogan goes (FA0 1984)?  Once the actors 
are identified  (farmers, fishers,  officials, 
pensioners, etc.), what is their strategy  for 
fish culture? Does fish Farming become a 
primary or  secondary activity? Does it con- 
stitute  an activity for subsistence, commercial, 
recreational, prestigious, etc., purposes? 
Does it give farmers the  possibility of diver- 
sifying their production and therefore mini- 
mize their "risks"? 
What measures should be taken 
for fish culture to  be  considered an  ag- 
ricultural activity (or  agro-industrial) and 
therefore  Fully  integrated  in  the 
"agriculture-husbandry"  sector to  which 
it is  naturally related? 
Based on the level of  autonomy that 
is desired and  permitted by the chosen aqua- 
culture system, what organizational frame- 
work should be promoted to  develop aqua- 
culture production:  industrial,  cooperative 
(Depelchin and Depelchin 1984;  Mrube 1  WZ), 
association of producers, self-reliance, etc.? 
What level of technical competence 
should each aquaculture system require and 
what type of training, technical, financial 
and economic  management support should 
be  provided to  its actors? 
Which market should be aimed at  con- 
sidering the  generally high costs of  aquacul- 
ture production and the  specific character- 
istics of this undertaking (production plan- 
ning, freshness, grading, monospecificity, 
etc.), particularly compared with capture 
fisheries products? 
What are the most significant scien- 
tific, technical and socioeconomic elements 
to  be taken into consideration before launch- 
ing a fish culture development operation? 
Should these operations be necessarily pre- 
ceded by  full-scale  pilot projects to test 
and validate the research results?  -  Which support strategy should be 
adopted in terms of geographical dlstribu- 
tion? Should support be provided to  many 
fish farmers distributed on  the  whole  territo- 
ry (and producing little individually) or to 
a limited number of farmers geographically 
concentrated (and producing a lot individu- 
ally)? What should be  the most eFRcient 
approach to  the "post-project"? 
What should be the most adequate 
administrative umbrella for these develop- 
ment projects? Is the Department of Fores- 
try and Water Resources, in charge of this 
sector of  activity in most Francophone coun- 
tries, the  most appropriate service (due  to 
its initial efforts in the protection and conser- 
vation, and therefore control, of the natu- 
ral environment)  to  promote a new  specu- 
lation-oriented production activity? 
What structure in  terms OF  support 
policies  (credit, grants, training, support, 
taxation system, professionals and market 
organizations, etc.) should be instituted to 
guarantee the sustainability of  aquaculture 
undertakings after the development projects 
haveended? 
What funding policy should be  adop- 
ted to  launch this new  activity, both at  the investment and operational levels (grants, 
credits, etc.)? 
The fact that these questions remain 
unanswered today (or is  it that these 
questions  were never asked?) attest to  the 
gap existing between 50 years of heavily 
documented investment made in this sec- 
tor of activity, on the one hand, and the 
low level of  productive achievement, on 
the other hand (FA0 1987; Satin 1989). 
Today, African aquaculture is at the cross- 
roads.  Different  diagnoses agree that for 
the past 20 years, research and develop- 
ment efforts have lacked focus or even the 
necessary reflection on the posslble devel- 
opment  options. These attempts  have also 
been characterized by a questionable level 
of economic efficiency and unresolved prob- 
lems of integration of the fish farming ac- 
tivity  in  the African  agricultural  farming 
systems or fisheries initiatives in  a broad 
sense. Against this background, any new 
attempt at  aquaculture is a difficult enter- 
prise and its future remains uncertain. 
One of  the most prominent characteris- 
tics of  this undertaking, newly "grafted" on 
traditional activities, .is the  level of passion 
it has brought about from all sides whlch 
often influence the motivations of the dif- 
krent  actors involved: researchers, devel- 
opers, fish farmers, administrators, consult- 
ants. The intensive (battery), artisanal or 
industrial farming of pigs or chickens in AFrlca 
has never stirred  so much passion as 
aquaculture has since its beginnings on the 
continent; it has nevertheless developed 
on a much larger scale. While there should 
not be any doubt that the pig and poultry 
farmers like their trade, it is clear that the 
reasons why they practice it are also per- 
kctly clear to them: to earn a living and 
realize the largest profits. 
In aquaculture, things seem neither as clear, 
nor as simple.  If all  actors involved in 
aquaculture agree to expect, in  time, a re- 
turn from the money or the effort they have 
invested, or even a profit, this is not, far from 
it, the only reason for them to get involved 
in this activity. Other motivations involving 
the operators' view on society and how to 
behave in such environment are often much 
stronger. For example, it is not surprising that 
a handbook on tropical  fish culture should 
also look into poultry and pig farming, irri- 
gated rice culture, water supply and health 
(waterborne  diseases, etc.). In contrast, none 
of  the studies concerned with these subjects 
cover fish culture. Fish culture is related, even 
associated with these other activities, but is 
it not because fish culture seeks points of 
anchorage and that the "fish farmers" feel 
they can express their views regarding all 
these associated activities? 
These motivations may partly explain the 
determination, perhaps even the  obstinacy 
shown by many aquaculture operators. These 
motivations also contribute  to make 
aquaculture a control activity, which reflects 
the currents of thoughts and practices un- 
derlying agro-industrial and rural develop- 
ment in  the different continents, particu- 
larly Africa. 
Just as African  aquaculture, caught 
between  great  practical  difficulties 
(which is why fish culture is still practiced 
at the experimental, pilot or marginal 
level) and ideals, as shown by  the quan- 
tity  OF  writing on this subject, is *en 
vacillating  between  prolonged  birth 
pains  and  early  death, it  seemed to 
us interesting to take a  look at its de- 
velopment. Such is  the objective of  this 
study, the main  teachings of  which are 
reported  hereafter. 
Classlflcatlon  of Flsh 
Farmlng Actlvltles 
Between 1989  and 199  1, a study (hrd 
et  al. 199  1  ) was conducted at the request 
of the French Ministry of Cooperation and 
Development to analyze the situation of 
fish culture in  subSaharan Africa in  order 
to  propose new orientations for the future. 
This study consisted in a compilation of  the extensive bibliography available on this 
subject and in  field work in CBte d'lvoire, 
Guinea,  Mali,  Burkina  Faso,  Central 
African  Republic (CAR), Cameroon and 
Congo. In  addition, a  mission with  the 
World  Bank  and  several  American 
nongovernmental organizations (NGOs) 
completed  the available  information. 
In the  light of the  studies based on con- 
crete cases of  development operations 
implemented in Africa for the past 30 years, 
four major types of fish culture were Iden- 
tified based on development criteria and 
not on intensificntion criteria as generally 
used (extensive Ash culture, semi-intensive, 
intensive, etc.): 
1.  subsistence aquaculture: 
2.  artisanal fish culture as  a small-scale 
commercial undertaking: 
3.  "segmented" fish culture: and 
4.  industrial fish culture. 
Among these farming systems, subsist- 
ence aquaculture is  the model that has 
benefited  the most from  the support of 
international organiutions and NGOs in areas 
like fry  production,  extension, training, 
support structure, in projects of various sizes 
except, paradoxically, in the research Field. 
Today, the overall results can be consid- 
ered-  globally negative, the major causes 
for this failure being the following: 
For  fish  farmers, the satisfaction of 
their bask needs does not constitute a 
sufficiently attractive economic motivation 
considering the technical efforts required 
by this activity. Moreover, the proposed 
model did not, in  most cases, meet this 
objective (insufficient work productivity in 
terms of  time and space, excessive depend- 
ence vis-&-vis  the support structures for the 
management of the Fish  Farm). 
For  project initiators, it seems that 
the implementation of this activity requires 
a comprehensive approach of the  environ- 
ment (physical, human and economic en- 
vironments.) 
In  the end, this form of fish culture at 
first extolled by colonial administrations, 
then considered as  the essential objective 
of most development projects, is certainly 
behind the confusion that has been limit- 
ing the development of this activity in the 
past 50 years. 
Artisanal  Fish  culture as a  small-scale 
commercial undertaking is  developing, 
particularly  in  periurban areas, due to 
the existence,  in  this type of  environ- 
ment, of  both sources of  inputs and a 
market likely to absorb the production 
at a  more interesting price for the pro- 
ducer (Copin and Oswald  1988). This 
type of  fish culture has yet to be de- 
veloped  in  rural  environments:  inte- 
grated in  existing farming systems, it 
should also constitute one of  the driv- 
ing forces of the agricultural  dynam- 
ics by contributing to additional income, 
diversification  and the integration  of 
agriculture  and  husbandry. 
"Segmented" fish culture is characterized 
by the structural division of the different 
farming cycles  (fry  production,  feed 
production,  nursing and production of 
marketable fish). It is particularly well-adapted 
to  certain environments (lakes,  lagoons and 
rivers) and to certain populations: fishers 
for whom fish  culture can constitute an 
alternative activity when earnings From 
capture  fisheries  become  insufficient 
(depletion  of resources): it is also well-suited 
for city dwellers and entrepreneurs who see 
opportunities to invest capital and earn profits 
(Morissens et  al. 1986;  Parrel et  al. 1986). 
For this type of fish culture to  be economically 
successful, a number of constraints should 
be considered: technical aspects, credit 
availability, competence in  management, 
etc. 
Industrial Fish culture is characterized by 
large production units which, compared to 
the previous Forms, should be justified  by 
the possibility to engage in economies of 
scale. The objective in this case is  strictly 
economic or financial. Once  the biotechnical 
parameters are controlled, the objective is 
to produce fish at the least possible cost. It  seems, at present, that most of the at- 
tempts  with this type of undertaking have 
not met their initial objective: cost prices 
remain substantially higher than market 
prices. From a more structural perspective, 
this industrial option, at least for the mo- 
ment, seems to be poorly  suited to the 
prevailing forms  of organization of the so- 
cioeconomic context due to  its capital-ln- 
tensive nature. The fact that these units are 
being privatized may lead one to believe 
in a certain economic efficiency. In  reality, 
the lack of transparency in the farm accounts 
and the multiplication of grants to this sector 
can be misleading (Anon. 1987; Lazard 1987) 
and in most uses,  privatimtion efforts consist 
in the  mere institutional (but not economic) 
disengagement of  the State. In  addition, 
this industrial Fish culture is likely to  com- 
pete  with artlsanal or small-scale aquaculture 
enterprises. Great caution is  thereFore re- 
quired  in  the development of  industrial 
aquaculture as  well as  a rigorous approach 
in the identification oFprojects, particularly 
in the study of their economic feasibility. 
However, an industrial farm could also 
be the driving force of  a  development 
dynamics by  participating,  for  exam- 
ple, in  the research  process or by sup- 
porting upstream sectors (inputs, train- 
ing, etc.) around which other aquaculture 
undertakings could be organized follow- 
ing other principles. 
From  Expsrlment 
to  Operatlng a Farm;  Tralned 
and  Organlzed  Farmers 
From  the biotechnical perspective, a 
number of farming systems (ponds,  cages, 
pens, raceways,  etc.) using indigenous 
species  (tilapia,  siluriforms:  Clarias, 
Chlysichthys,  etc.) or introduced species 
(common carp, mainly) have been devel- 
oped on-station and validated  on a full- 
scale basis in R8.D  pilot projects. In Africa, 
there is a variety of  species of  demonstrated 
or potential aquacultural importance (Hem 
et  al. 1994) that warrant the pursuit and 
the amplification of ongoing research studies, 
and require the increase of the  knowledge- 
base of African genetic resources. However, 
in economic terms, particularly microeco- 
nomics, Few data are available on fish Farming 
outside pilot operations. The experimen- 
tal nature of these pilot projects limits the 
reproducibility and the extrapolation of  the 
results due to the limited scale of the un- 
dertaking, the extensive support structure 
and the specificity of the various sources 
of  funding (grants, credit, etc.). Whatever 
the  case, it seems  that the operators of fish 
culture development projects should aim, 
first and foremost, at  the economic efficiency 
of  the target Ash farmers before that of the 
projects themselves that have promoted 
and supported them. 
At present, it  seems that the greatest 
prospects lie in the entrepreneurial or artisanal 
Fish  culture systems. This type of  under- 
taking is  both a production and a devel- 
opment instrument (Lazard 1975  and 1977). 
If the periurban model has already proven 
successful, an efficient model using inputs 
other than the agro-industrial by-products 
must be developed (composts, integrated 
farming, acadjas and polyculture). In  the 
current context of crisis facing African ag- 
riculture where diversification  is  strongly 
needed, there is hope that the concerned 
populations will respond quickly as soon 
as  an efficient, "rural" fish farming model 
proves successfu1. In  this context, and in 
the light of  past experiences, caution is 
warranted as  the level of intensification is 
not necessarily related to  the  fish farmers' 
technical competence." 
'It  can prove more difficult to manage a farm con- 
sidered a "semi-intensive"  operation based on the 
use of farm effluents, composts, etc..  that requires a 
"sense"  for farming, than It may be for an intensive 
fish farm  using agricultural  by-products  of known 
composltlon applled according to available feeding 
tables. Technical competence, professionalism 
and the organization of the African fish farm- 
ers seem to be the key to Future fish farm- 
ing development on the continent. In  this 
context, a number of actions taken so  far 
without real social objective, i.e., without 
clearly defining target populations, may ac- 
quire a new meaning and increase in effi- 
ciency. Among these actions, training is 
of primary importance as  it enables a rapid 
increase  in  productivity.  The  target 
populations of the  Future projects will have 
to be selected carefully based on techni- 
cal, social and economic objectives and on 
the  chosen fish Farming model (Koffi 1992). 
The training efforts will have to be aimed, 
First and foremost, at the fish farmers and 
For quality rather than quantity, as  opposed 
to  what has been done so far in most de- 
velopment operations. Aside from the  strictly 
biotechnical aspects of training, it will be 
advisable to  include management training 
in a broad sense  (general farm management, 
bookkeeping, cashflow aspects, etc.).  Such 
training initiatives, however, have often been 
used as  a lure presented by many projects 
to secure their extension or to conceal a 
faulty development policy, such as  the gen- 
eralized use of an expensive compound feed, 
or the systematic use of Fry  From  nursing 
station at a high production cost (Galbreath 
and Ziehi 1992).  Fish culture must certainly 
be integrated in the environment of the target 
population: it should therefore make a more 
efficient use of the existing production factors 
such as land, water, labor, agricultural in- 
puts, etc. The organization of production 
and the development of professional as- 
sociations adapted to this new sector of 
activity should constitute a priority area. 
These professional organizations, besides 
acting as "pressure groups" for the pro- 
tection of their members' interests, should 
gradually be responsible for the training and 
technical diffusion aspects. If (or when) a 
technical model proves successful, the first 
role of the formal or informal professional 
organizations will be to  ensure the quanti- 
tative expansion of  the model (number of 
fish farmers, ponds, etc.) conferring a so- 
cial dimension to it. Today, the first objec- 
tive of these organizations should be the 
reproduction as "spontaneous" as possi- 
ble of  the model, i.e., with minimal  par- 
ticipation by the government: it is  only in 
these conditions that fish farming models 
will  really be the reflection of  a rural dy- 
namics. 
The technical competence and expertise 
of the Fish  farmers must be accompanied 
by the corresponding technical and sclen- 
tific quality in  the research  aspects, i.e.. 
researchers trained at  the highest level, hlghly 
rigorous and able to  work in a stimulating 
scientific environment. This objective will 
require that temporary linkages be estab- 
lished with researchers and laboratories from 
the North and the constitution, in the  South, 
of critical masses of researchers and resources, 
to  be sought first at  the regional transnational 
level. 
While professionalism and technid  com- 
petence is  being pursued, the fish  farm- 
er's profession must acquire a social dimen- 
sion with actors able to define their spe- 
cific constraints by themselves. 
Controlllng the Aquaculture 
Space (Land); Borrowlng 
In  order to Produce; 
Producing In  order to Sell 
Controlling Land  Constraints 
Land  constraints are differently ap- 
preciated,  depending on  the various 
Farming  systems, for example, depend- 
ing  on  whether  the  farming  model 
entails the appropriation of  lowlands or  of 
lagoon or lake areas. In general, in this field 
like in  others, it seems that development 
operators simplify the problem of control 
and use of land. 
The analysis of  the project designs indi- 
cates that operators, while denying the problems of access to land tenure, repro- 
duce explicitly or implicitly foreign legal 
concepts in  the societies concerned. In 
Francophone Africa particularly, operators 
can even refer to  a legislation establishing 
State ownership of aquatic spaces,  contra- 
dicting traditional practices. In some  cases, 
the  control and the use ofterrestrial or aquatic 
areas (lagoons, rivers, lowlands, estuaries, 
etc.) rely on traditional practices. Ignoring 
these traditional practices can lead to se- 
rious conflicts: in agricultural societies or 
communities of fishers, both the  control of 
land and land tenure (including aquatic 
spaces) reflect  bonds of  traditional  de- 
pendence,  closely  related  to classic 
or lineal  relationships and to social  re- 
lationships between  individuals  of a 
common lineage or different lineages. 
In the  end, it is  essential that the opera- 
tions of aquaculture development integrate 
preliminary investigations on the control 
and use of the terrestrial or aquatic areas 
concerned. For  the owner or the user of 
these spaces, the choice to  allocate these 
spaces depends on the opportunity cost 
of this resource. Preliminary negotiations 
not only with potential fish farmers, but also 
with traditional authorities (which differs 
from the  authoritarian allocation by admin- 
istrations) should help reduce potential con- 
flicts likely to hinder ongoing operations 
of aquaculture development. 
Borro whg  In order to Produce 
As a  rule,  in  Africa,  the current situ- 
ation in  the sphere of  credit is  char- 
acterized by an important crisis affecting 
large official structures of  agricultural 
credit. Consequently, projects should 
manage credit operations themselves, 
as past experiences have shown that 
this option encourages a better followup 
and reduce the costs of  financial man- 
agement. Obviously, once aquaculture 
operations have reached a certain volume. 
credit can only be arranged with profes- 
sional organizations:  in  this case, while 
drawing on the lessons from past experi- 
ences, it is  important that credit arrange- 
ments be negotiated with potential fish farm- 
ers, and that there be no  confusion between 
investment and operation credit in  order 
to  ensure economic efficiency of aquacul- 
ture operations. 
Noninstitutional credit can participate in 
the establishment of aquaculture develop- 
ment operations.  Traditional informal credit 
is adapted to  the cycle of aquaculture pro- 
duction as  its flexibility tends to  lessen the 
risks involved in this activity. and to bal- 
ance the production-consumption cycle over 
the year. Because they are integrated in a 
socioeconomic system characterized by a 
high personalization of social relationships 
through lineal, ethnic or  village ties, infor- 
mal moneylenders approve loans at very 
short notice, ask for little collateral and tend 
to impose few restrictions regarding use 
of funds. For this informal credit arrange- 
ments to  be considered, it is  necessary to 
conduct preliminary studies using a meth- 
odology that is adapted and already tested. 
The use of this informal credit arrangement 
would  be the sign OF an integration  of 
aquaculture projects into socioeconomic sys- 
tems. 
Producing In order to Sell 
In subSaharan Africa and in all the countries 
considered under this study. farmed tilapia 
(assimilated  to  tilapias fished in inland waters) 
is  a relatively expensive fish outside the 
immediate production zones, but it also 
meets the specific demand of the Ahican 
consumer who  values "inland" Fish  highly. 
However, the market sltuation for farmed 
tilapla varies from country to  country in the 
subSaharan regions. The study already re- 
ferred to (Lazard et al.  1991) has shown 
that Ahican fish markets belong to three 
main categories, described as  follows, and 
which  also apply to cultured tilapia. The Following situations offer all opportunities 
For a market For farmed tilapia to develop. 
The first situation occurs in countries 
and regions  where  there is a very high de- 
mand For animal proteins due to high de- 
mographic pressure and a  high urban or 
periurban concentration, but also  where there 
is a category of buyers with a relatively high 
purchasing power. In these countries (C6te 
d'lvoire, Nigeria, Togo, Benin and Congo), 
although popular demand For  fish is satis- 
fied by the mass importation of  inexpen- 
sive fish, there is  a high demand for "in- 
land" fish, satisfied almost exclusively by 
the fresh/brackishwater fisheries, as  the  quan- 
tities of farmed fish are generally negligi- 
ble (Weigel 1989).  Potentially, farmed tilapia 
could fill this niche as long as it is  com- 
petitive with the  capture fisheries and does 
not radically modify the  quantities offered. 
The second situation occurs in coun- 
tries that are large producers in compari- 
son with their own demand and therefore 
where, globally, supply is  greater than 
demand, and mass importation of  Fish  is 
not necessary. Whether we are speaking 
of marine or inland production, the price 
of fish is  lower than in the previous situa- 
tion, but the demand is  sustained by an- 
cient, widespread eating habits. In  these 
countries (Ghana, Senegal, Mali and Chad), 
Fish farming is  hardly competitive with the 
Fish  from capture fisheries. However, the 
trend towards  overexploitation coupled with 
a potentially high demand related to eat- 
ing habits may lead to  a potential market 
for farmed Ash where production costs would 
be strictly controlled.  -  The third situation occurs in areas  with 
low fish consumption, possibly due to a 
limited production not  compensated by mass 
importation of fish, a low purchasing power 
or a rejection of  fish as  a regular food item. 
Countries like Burltina Faso, Niger, the  CAR, 
Rwanda,  Burundi or Madagascar, Fall,  to 
various extent, under this category. In these 
conditions, the potential market for farmed 
tilapia is  inevitably limited, particularly as 
the low purchasing power  corresponds fre- 
quently to a very loose economic environ- 
ment  that increases the  costs  of aquaculture 
production (lack of  agro-industrial  by- 
products, need to  import material, etc.) 
Where such conditions prevail, the  emer- 
gence  of tilapia aquaculture as a large-scale 
sector of production having its own dynamics 
is difficult to  achieve. Still, the alternative 
solution is  to encourage fish Farming op- 
erations in  the context of agricultural or 
husbandry development projects. This option 
guarantees the supply of necessary inputs 
and reduces infrastructure and operating 
costs. 
For aquaculture to remain competitive 
with traditional fisheries, marketing unit costs 
and margins must be reduced. For this, it 
is  necessary to compress the segmenta- 
tion of this sector of activity or engage in 
economies of scale, or both. These com- 
mercial  options are obviously closely re- 
lated to  the farming systems in place. There- 
fore, a limited and decentralized aquaculture 
production unit should move  closer to the 
centers of  consumption (For  example, 
periurban aquaculture). A high-yielding, cen- 
tralized aquaculture production will be  able 
to  engage in economies of scale by creat- 
ing an efficient marketing structure. 
Today, it seems  difficult to justify, based 
on financial criteria alone, the imple- 
mentation of  fish  culture development 
operations on the African  continent out- 
side highly suitable conditions. Other pa- 
rameters  must  be  considered  such 
as  daily wage levels (in terms of  opportu- 
nity cost, for example), use of land, water 
and inputs, etc. 
Therefore, given current trends, we  are 
dealing here with investment for the  future, 
which is difficult  to  imagine without aqua- 
culture, considering the  stagnation of fisheries 
production (and even its decline in some inland environments) and the increase of 
demand for fish. This "bet" seems all the 
more worthwhile as the growing number 
of research and RaD operations  conducted 
for the past 15 years are beginning to  bear 
Fruit.  Furthermore, the inexpensive fish 
imported in  great quantities by some 
countries with importanttrade deficits may 
well become more expensive, owing to  the 
recent shift in the  economic system of Eastern 
European countries (currently the major 
suppliers of  marine fish to  African countries), 
the impact of energy costs (fishing  vessels, 
transportatlon,  etc.) and the devaluation 
of the CFA Franc in 1994. 
In  view of  this, Fish  culture can consti- 
tute, in time, an instrument For  the regula- 
tion of the production of living aquatic re- 
sources, in  comparison with  an environ- 
ment that has demonstrated its fluctuat- 
ing nature. The very existence and devel- 
opment of Fish  culture raise various ques- 
tions regarding a number of economic as- 
sumptions on the use of aquatic environ- 
ment and the extensive utilization  OF  Fish 
resources (particularly to  assess the value 
of water and land, the cost of  pollution, 
etc.). In  addition, a comparative analysis 
of  fish culture and other animal productions 
should be done in  terms, for example, of 
the use of agricultural by-products and the 
quality of the  proteins produced. From now 
on, fish culture must be considered as one 
of the  elements of agricultural production 
systems. 
Today, it is possible to  establish productive 
fish  culture development projects using 
farming techniques that have been tested 
and  are  integrated  in  a  suitable 
socioeconomic  context. Simultaneously, and 
at a  more  global  level,  aquaculture 
development on the African continent will 
require in some areas (for some time still) 
experimental development studies, even 
research efforts in  the strictest sense. At 
this point, researchers should not be afraid 
to  clearly state  these priorities vis-a-vis all 
operators and partners concerned who  would 
rather rapidly develop production-oriented 
 project^.^ 
This experimental dimension must not 
prevent the preparation of  the delicate tran- 
sition to the post-project conditions.  Ex- 
perience has shown that there is  no suc- 
cessful post-project example in African fish 
culture yet. The preparation and the im- 
plementation of this phase (that will con- 
dltion the successful takeoff of  this new 
activity) must necessarily associate, in equal 
measures, its major  four actors: national 
administrations (in general, the "umbrel- 
las" and the agents directly reporting to 
these administrations), target populations 
(fish farmers and the different parties in- 
volved in  the production  of  farmed fish: 
feed producers,  fry  producers, etc.), op- 
erators (consultancy firms, technical assist- 
ance, etc.) and funding agencies. 
Furthermore, in view of the current situ- 
ation in Africa, one  should not be afraid to 
banish the word "aquaculture" from the  vo- 
cabulary of some regions where constraints 
of  implantation and development (sites, corn- 
petition with fish from the capture fisher- 
ies, target populations, etc.) make its suc- 
cess unlikely. 
Thus, funding agencies (international 
agencies, cooperation funds, NGOs, devel- 
opment banks, etc.) and national adminis- 
trations play a determining role in giving 
African aquaculture a second wind. 
During the elaboration  of  aquaculture 
development projects, funding agencies must 
demonstrate the necessary competence and 
objectivity in  the analysis of  all  project 
components: project objectives, available 
biotechnical  data, identification of  target 
populations, market evaluation, marketing, 
available sites for the implantation of farm 
infrastructures,  post-project anticipatory 
Africa, most of the fish culture development  prolects 
appear,. a posteriori,  to have been used as  a more 
or less confessed Justification  for conducting research 
either wlthln the project or in the form of a research 
component. study,  etc. Once  this comprehensive iden- 
tification is  completed, funding agencies 
must see to it  that the project becomes 
rapidly operational. In doing this, both fund- 
ing agencies  and operators must refrain from 
outbidding each other by having the op- 
erators compete  excessively. Instead, projects 
need to  be  carefully evaluated, and adjusted 
if necessary. 
Project evaluation< should emphasize 
quality rather than quantity: the relevance 
of the project within a global policy of ru- 
ral  development, its reproducibility and 
viability in the "post-project" should be more 
important than the catch or  the number of 
development operations. This is, currently, 
only rarely the case. 
On the other hand, African administra- 
tions should loosen their administrative pro- 
cedures, and strengthen their technical par- 
ticipation and capacity to make proposals 
during elaboration and implementation of 
these  projects. National administrations need 
to  be  more constructive and increase their 
involvement. Furthermore, these need to 
acknowledge  that fish culture is a produc- 
tion activity pertaining to  both agriculture 
and animal husbandry, even, in some  cases, 
to  the industrial sector, and not an  activity 
undertaken in the  context OF  conservation 
of natural resources, which generally and 
traditionally fall under the Department of 
Forestry and Water Resources. In  essence, 
the aim of an administration is  neither to 
produce nor to sell: it  is  therefore in  its 
best interest to  remain outside these  proc- 
esses and to  adopt a benevolent attitude, 
at  best becoming the  catalyst of all private 
initiatives, even when these question what 
the administration has always considered 
as being part of its own prerogatives. 
In  this view, the administration should 
not take the place of  economic agents 
who are involved in aquaculture, but sup- 
port them by:  -  defining  an  aquaculture sectoral policy 
(based on the agricultural policy) regard- 
ing taxation systems, grants, credit, land 
tenure, pricing policy, marketing, promo- 
tion of  professional associations, etc.: and 
-  implementing this policy through the 
different necessary companion actions: sta- 
tistics of  production, training, research, 
Follow-up, control, etc. 
In  the current context, privatization, a 
growing concern of the States (which are 
seeking to devolve authority), and of the 
funding agencies, need to  preserve its true 
meaning. Fish culture cannot  simply be  in- 
tegrated in the market economy by trans- 
ferring the State responsibilities to a pri- 
vate company (corporation, mixed economy, 
etc.), without first demonstrating its eco- 
nomic efiiciency. Privatization also means:  -  the organization of aquaculture ac- 
tivity to be developed with all  the exist- 
ing private operators: feed producers, en- 
trepreneurs, farmers, fishers, etc.; 
-  the creation of a suitable economic 
environment for the development of  all op- 
erators involved in aquaculture  operations: 
-  the  disengagement of the  State  from 
undertakings that have proven profitable 
so it can fully act as a driving force and 
catalyst for this new activity by engaging 
in training and research; and 
-  to stimulate a  rural  fish culture dy- 
namics which, for the State, constitutes a 
development  with great potentialities. For 
this, only units of aquaculture production 
which can really be integrated in their farming 
systems should be proposed to  the farm- 
ers. 
All these elements,  added  to  the  already 
existing positive elements, constitute ba- 
sic conditions to meet in  order to finally 
ensure a flourishing African aquaculture. 
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Abstract 
The growth of Sarotherodon galilaeus and  Oreochromis niloticus, dominant species  in small 
reservoirs in Burltlna Faso, was estimated by scale reading and length-Frequency analysis. The use 
of the growth index 4' =  log(K)+Z-log(L_)  developed by Pauly and Munro (1984) shows that the 
growth potentlal of both species is similar and that their growth is inferior to that recorded In 
other larger waterbodles in Africa. 
The ecological slgniflcance of these results is analyzed and discussed. 
Burkina Faso has approximately 350 
artificial lakes ranging from 10 to 1,500 
ha in area, all characterized by  high area 
variations between  the high  and low 
water level cycles. Created essentially 
For  water supply purposes from  the 
1940s onwards, these lakes have been, 
"Current  address:  5, rue Saint  Urbain. 6851 
Nollevaux. Belgium. 
for the past 15  years, used For  fish farm- 
ing, an  activity that is now being ra- 
tionalized  by  the project "Valorisation 
du potentiel halieutique au Burkina Faso." 
These reservoirs are populated by several 
natural species, including Oreochromis 
niloticus and Sarotherodon  galllaeus. The 
attention  of  the project  leaders was 
rapidly drawn to the small maximal sizes 
observed in these populations of tilapia, 
which prompted the undertaking of  the 
present work,  wirh  the Following ob- 
jectives: - to  assess the  growth and longevity 
of  these populations: and 
- to  compare the results with similar 
information from other parts of  Africa. 
Materials and Methods 
This study was  conducted in the lakes 
listed in Table 1.  These reservoirs were 
chosen because they are easily acces- 
sible and are representative of the en- 
tire range of waterbodies in Burkina Faso. 
Fish growth was  determined by count- 
ing the annuli on the scales using tra- 
ditional techniques (Merona et  al. 1988) 
or  by analyzing the  length-frequency his- 
tograms using the method developed 
by Pauly and David  (1981  ). The sarn- 
ples used came  from experimental fish- 
eries using beach seine during the low 
water level cycle. 
The  age-length  relationship  was 
determined by adjustments to  the equation 
developed by von Bertalanffy (1  957): 
where: 
Lt is the length at age t; 
Lq,  is  the asymptotic length reached 
at an infinite age; 
K is the  growth Factor measuring the 
speed at which the curve approaches 
its asymptote; and 
t,is  the x-axis of  the point of origin 
with the age axis for which Lt=O. 
The adjustment was made using the 
method developed by Gaschutz et al. 
(1  980) summarized by Pauly  ( 1982). 
Lengths are total lengths in centimeters. 
The linear growth comparison between 
several populations of  Fish  cannot be 
made by using only I<  or Lm: both pa- 
rameters must be considered sirnulta- 
neously.  Pauly  (1979) and Pauly and 
Munro (1984) have developed an in- 
dex  which takes these two  parameters 
into account. This index is  now com- 
monly used and is expressed as Follows: 
which was  actually used for the time 
first in tilapia research by Moreau et  al. 
Table  1. General characteristics of the artificial lakes included in the study. 
Areas (ha)  Temperature ("C)  Populations 









(dominant, tree stumps) 
Oreochromis niloticus 
(dominant, turbid waters) 
Idem 
S. galilaeus 
(dominant. turbid waters) 
Idem 
S. galllaeus and 0. 
nilo  ticus 
(found together) 
0.  niloticus 
(dominant, stockings) 
0.  niloticus 
(dominant, abounding 
aquatic vegetation) (1  986)  and also  used in the  present study. 
The age-length keys generated by scale 
reading  and the length-frequency 
distributions estimated  with the  method 
of Pauly and  David ( 198  1  ) are  available 
from the  authors. 
Results 
Tables 2 and 3 call for the following 
remarks: 
In  Burlcina Faso, the mean values of 
4' (2.14  and 2.15) are  the  same  for both 
species. Individual values in both cases 
are within the same range (1.90 and 
2.32). 
The  values of 4' are lower than in other 
African environments cited by Moreau 
et al. (1986) (see Table 3). Note that 
in the  other parts of  SubSaharan Africa, 
both species show the same growth 
performances as  in Burkina Faso. 
The poor growth of 5. galilaeus and 
0. niloticus in Burlcina Faso can be  ex- 
plained as  follows: 
The environments in the  present study 
are relatively poor and are subject to 
severe  ecological conditions during  the 
low water level cycles (high turbidity 
and lack of  dissolved oxygen),  particu- 
larly where  the  area is limited. Note that 
it is in Lakes  Taoa and  Sourou,  the  largest 
lakes with the largest water volumes, 
Table 2. Growth parameters  and indices 4' in Oreochromis niloticus and  Sarotherodon 
ga/i/aeus from artificial  lakes  in Burkina  Faso.  (Source:  Baijot et al.  1994.) 
Lm  I<  9'  Methodology 
(cm; LT)  (year.') 
0.  niloticus 
Sourou 













LFA" (ELEFAN I) 
LFA (ELEFAN I) 
Scale  measurement 
Scale  measurement 
Scale  measurement 
Scale  measurement 
Scale  measurement 
LFA  (ELEFAN I) 
LFA  (ELEFAN I) 
Scale  measurement 
Scale  measurement 
Scale  measurement 
Scale  measurement 
'LFA: length-frequency analysis. 
Table  3. Comparison  of growth performance  of Oreochomis niloticus and Sarotherodon 
galllaeus in Burltina  Faso  and other  parts of Africa. 
Specles  Burltina Faso  Africa 
4' min  $'  mean  c)'  max  4' min  $'  mean  4' max 
0.  nilo  ticus  2.03  2.33  2.7  2.41  2.65  3.1 1 
5. galilaeus  1.92  2.3  2.53  2.33  2.65  3  .04 that growth is  optimal. Two explana- 
tions, not mutually exclusive, can be 
offered: 
- these populations, genetically iso- 
lated for several years and confined in 
smaller waterbodies, suffer horn a de- 
generation due  to inbreeding which could 
be responsible for  certain Forms of stunt- 
ing; and  - the small sizes are due to stress 
caused by hostile conditions in  the 
environment (Pauly,  1879). 
These two hypotheses are compat- 
ible with the small sizes observed at 
first maturity (Pauly 1884). 
It is impossible here  to  assess the  rela- 
tive importance of either phenomenon. 
It  should simply be noted that in  riv- 
ers located in  forested areas in  the 
Sudanian zone in Sierra Leone, where 
there  are no adjacent flood plains, Payne 
and  McCarton ( 1985)  have also recorded 
very low growths  in native tilapias. These 
observations support  the  hypothesis of 
ecological  problems affecting tilapias 
in Burkina Faso. 
Dlscusslon 
Two methodological points must be 
discussed: 
1. It  relates to the validity of scale 
reading. Annuli were clearly seen in most 
cases and correspond to one episode 
of  stunted growth per year, as is the 
case in the Sahel region (Merona  et  al. 
1988).  However, in some  populations, 
double  annuli comparable to  those iden- 
tified in some  populations of  Lake Chad 
were observed (Merona et al.  1988). 
These annuli are most probably due to 
the halt in  the normal growth occur- 
ring during the low temperature sea- 
son (December to February)  followed 
by an additional growth check related 
to  the  ecological conditions during the 
low water level cycle (May and June). 
Tllapias, planktivorous fish, are found 
in very turbid waters where photosyn- 
thesis is practically interrupted and where 
food is lacking. 
2. Certain values of  Lm  are high and 
are clearly  higher than the maximal 
length observed in the  fishes under study. 
This may be due to low longevity. Ex- 
cept in Lake Tapoa, it is  impossible to 
find individual fish more  than four years 
old for which the  growth in length slows 
down significantly, allowing estimation 
of Lm  values corresponding to  the  maxi- 
mum  observed  lengths.  Massive 
mortalities of old  fish may be due to 
intensive Fisheries in the reservoirs. 
To  conclude, in  the reservoirs of 
Burkina Faso, the growth of tilapias is 
poor compared to  other areas of  Africa. 
The major reason seems to be of  eco- 
logical origin. However, a phenomenon 
of  genetic  stunting cannot be  discounted. 
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Abstract 
With a production of 150  to 200  kg.ha-'.an",  capture Fisheries in  West African coastal lagoons 
no  longer meet the local demand For  fish. This situation is aggravated by the increaslng pressures 
of  urban expansion in the lagoon areas. The EbriO lagoon In Cdte d'lvoire is affected by the development 
of the city of Abidjan and provides a good example of this expansion. Improved productlon for 
lagoon areas is consequently drawing increasing Interest. The adoption of acadja-enclos and pen 
production systems in  the lvorian lagoons reflect this development. Pen culture is essentially based 
on  the intensive culture of catfish and requires private Investment, but acadja-enclos systems are 
extensive, vlllage-based farming systems. The problems of competition (for space and resources) 
between the acadja-enclos culture system and capture flsheries are discussed, as well as the Introduction 
of  acadja-enclos into vlllages and their economic efficiency. 
Introduction 
The integration of  a new production 
system always affects an entire farm- 
ing system. This  article investigates and 
discusses the prospects of  acadja de- 
velopment in  Cbte d'lvoire, based on 
the acadja systems of  Benin. Although 
there are differences in  terms of envi- 
ronment  and  technical  adaptation 
between the lagoons of  Benin  and C6te 
d'lvoire, competition with capture fish- 
eries  and  the  appropriation  aquatic 
space are problems common to both 
'Current  address: ONTOM. Kemang lndah Kav LZ. 
)I. Kemang Selatan I/Z.  Jakarta 12730,  Indonesla. 
bCurrent  acldress: ORSTOM. BP5045.34042  Montpelller 
Cedex  1,  France. 
(Durand and Verdeaux  199  1  ; Verdeaux 
1 994). 
Towards Aquaculture Systems 
Natural living aquatic resources are 
potentially renewable resources. Their 
quantity and rate of renewal depend on 
the  efficiency of the  successive transfor- 
mations within the various food webs, 
leading to final  production, and upon 
their level of exploitation, this process 
implies that  resources are variable. 
Resource variability is affected by intrinsic 
factors (competition among  species and 
success in the reproduction) and climate 
fluctuations. This combination of  factors 
introduces  various degrees  of variability, both in seasonal and interannual terms. 
Final production also fluctuates and so 
do  the  catches, as  they are based on a 
complex resource management system. 
The lagoons in the northern parts of  the 
Gulf of Guinea are  among  the world's most 
productive environments, yielding annu- 
ally 150-200 kg.ha-' under optimum con- 
ditions. However, demand for animal protein 
and the  difficulty of controlli'ng fisheries op- 
erations have generally resulted in excessive 
pressures on  the  stocks  and in frequent con- 
flicts between fisheries operators. This sug- 
gests  the  development of  aquaculture which 
theoretically  should  free  the fishing 
communities from natural conditions or, at 
least, minimize their effects while providing 
additional yields. 
Although an extreme enthusiasm for 
aquaculture has resulted  in  many frus- 
trations, this analysis concerning Africa 
is  made within the framework of this 
symposium (see especially  Lazard  et 
al.  1990; Lazard, this vol.) and our in- 
tention is  not to deny all  development 
prospects.  On the contrary, we encour- 
age the adaptation  of  techniques to 
develop extensive  aquaculture in  la- 
goon environments. It  is  clear that any 
new project  must take  into  account 
the  analysis of  previous failures, the  major 
causes of  which are: 
the lack  of  basic  knowledge: 
the absence of  a  long-term  reflec- 
tion: 
the  weakness  of  the  economic 
analyses;  and 
-  the underestimation  of sociocultural 
aspects. 
Finally, it may be useful  to specify the 
type of  aquaculture that concerns us 
here. The principle  OF  Farming is  clearly 
understood in  highly productive, con- 
trolled systems, but this may not be the 
case for extensive farming which de- 
pends on the natural environment. The 
following general definition  can be sug- 
gested: one  can speak of aquaculture when 
the controlled modifications of  the  natural 
conditions  generate  an  increase  in 
productivity. Such a definition applies to 
the "acadja" farming system. 
Acadjirs and Pens 
Acadjas and pens have in  common 
that they are part of natural environ- 
ments, on shallow, soft bottoms. The 
pen system is  not a  native concept; it 
evolved from Southeast Asian traditions 
(Hem 1982). Implanted on shallows or 
along banks,  pens are made of  com- 
mercial,  small  mesh  nets  (14  rnrn) 
stretched on poles that are imbedded 
in  sediments. The  pens can  be used 
alone,  as  for  example  in  the semi- 
intensive  farming  of  catfish  (Hetero- 
branch us  longifilis  and  Chrysich  thys 
nigrodigif-atus: Hem et al.  1994) or in 
combination  with  the  acadja  system 
(Hem and Avit, this vol.). 
According to Pliya  (1980),  the term 
"acadja"  is  of  Goun  (Oueme) origin. 
Acadja construction can vary. but the 
principle consists in  imbedding branches 
in  1-1.5 m-deep soft bottoms. The type 
of acadja is  determined by the nature, 
density and coverage of  the branches. 
Although this system can be found in 
many regions of  the world (Ihpetsky 
1981),  it is  in  Benin that it has known its 
greatest development: 245 ha in  Lake 
Aheme in  1969 (Pliya 1980).  The acadja, 
a  unique form of  "artificial  reef," pro- 
vides a  reFuge  against predation, can 
play a role in  the reproduction of  some 
species and is  particularly useful  in  food 
production.  Dead  branches  promote 
natural  productivity  in  providing 
opportunities for the rapid, spontaneous 
growth of  periphyton  ahd associated 
fauna For  grazers such as the Cichlidae. 
For  the past 30 years, scientists and 
developers  have  been  increasingly 
interested in  the use of  acadjas in  the 
lakes and coastal lagoons of Benin (Buffe 1958: Pelissier  1663: CTFT  1965: Hurault 
1965;  FAO/UNDP 197  1  :  Bourgoignie 1972). 
Particular  attention should be given to 
Welcomme (1  97  1, 1972) who attempted 
a Fisheries approach to  farming  and to  Pliya 
( 1980) for his comprehensive description 
of  fish farming in the  waters of southwest- 
ern Benin and of the acadja crisis. 
The socioeconomic origins of the  conflicts 
arising from the use of  acadjas must be 
emphasized, but their potential impact on 
the environment must not be overlooked 
(Rabier et al.  1979; Tixier  et al.  1979). 
Increased silting.in the lagoons as a result 
of erosion is  closely related to: 
the presence of accumulated branches 
imbedded in the  water that slow  down runoffs 
and accelerate the sedimentation of ma- 
terials in suspension; and especially, 
the lack ofvegetative cover in the  catch- 
ment areas  which accelerates land erosion. 
The use of  branches (raw material to  con- 
struct acadjas) has led to  the  deforestation 
of  surrounding areas. 
The rapid decay ofthe  branches also plays 
an important role (70%  have to  be replaced 
annually, representing some 30 t.ha2' 
[Welcomrne 19721).  This is a source of  organic 
matter which can pollute the  environment. 
Natural  Environments 
and Farming Systems 
"Fisheries  require  at  least  three 
elements to exist: fishing operations, 
fish  and  traders.  Each  of  these 
elements influences the two others  ... 
either directly or indirectly"  (Quensiere 
1990). In  a  given  environment, the 
management of  living aquatic resour- 
ces through fisheries therefore consti- 
tutes a  system. The modification  of 
any element of  a  system can have 
an effect on the whole. Any new sys- 
tem  of  production  has  therefore, 
directly or indirectly, important reper- 
cussions because  it  implies  modifi- 
cations in the sharing of and/or access 
to  the resources. Generally, what is at  play 
is  the "combination of forces and social 
interests  ...  which define the rules and 
practices for the use of  such environment" 
(Verdeaux 1  986). 
In environments with high productivity, 
old fisheries traditions and high demand, 
such as in  West Africa, as well as the 
lack of  consideration of the potential 
efFect  of  a  new production system of- 
ten result in  conflicts as can be shown 
in  several coastal environments in  the 
Gulf of Guinea (Durand and Verdeaux 
1991). 
Along the EbriC  lagoon (Verdeaux 
1981, l986), the use by some villag- 
ers  of a small beach seine designed for 
particular species has led to  conflict- 
ing interpretations as to the fishing 
grounds where it can be used. Villag- 
ers using passive gears refused to use 
seines on their  traditional  fishing 
grounds. The ensuing inter-community 
conflicts forced the administration to 
intercede by asking the villages  con- 
cerned to set territorial limits within 
which each village would be  free to  use 
the techniques of  its choice. The old 
system, which consisted in seasonally 
alternating techniques in the  entire la- 
goon area, was now split in  as many 
subsystems as there were villages. 
The major crisis which occurred some 
10  years ago should be recalled.  First  ac- 
cepted and restricted  to some lagoon 
areas,  beach  seines  had  such  impact 
on the resources that they were totally 
banned under the pressure of local  fishers 
(Ecoutin et al.  1994). 
In Lake Aheme (Pliya 1980),  the  acadjas 
introduced by the Fisheries administration 
were not only very much appreciated by 
some of  the riverine populations, but also 
by outside entrepreneurs  who  were  attracted 
by the high returns guaranteed by this pro- 
duction system.  Other fishers opposed this 
technique objecting that multiplying the 
acadjas reduced the availability of fish in open  waters. The impossibility for both the 
local  and central authorities to stop this 
phenomenon and to solve the conflicts 
caused by the  acadjas compelled the  State 
to have the  branches removed by force and 
to ban their use indefinitely, allowing only 
the use of traditional  Fishing  techniques. 
A similar process led to  the same restric- 
tions in Lake Togo in  1975  (Weigel et  al. 
1  989). 
In  the Abi lagoon (Charles-Dominique 
1988: Verdeaux 1989),  purse seines were 
introduced by the Fisheries administra- 
tion, a  development bank and an or- 
ganization for  rural  support, in  a  con- 
text of competition between two so- 
cial groups: the owners of beach seines, 
on the one hand, and the direct pro- 
ducers brought  together  around  the 
"unionized"  net, on the other. The lat- 
ter  group,  in  the  process  of  being 
marginalized, took the opportunity of 
the funding programs offered to them 
to acquire these units which were more 
efficient than their old nets. The number 
of  these units grew rapidly; productlon 
was over 10,000 tons in  1979-1980 but 
dropped to less  than  1,000 tons the 
following year, forcing the authorities 
to order the temporary suspension of 
the fishing activities. 
All  innovations, each according to 
a  particular  combination,  are a  new 
challenge  in  terms of  access to  the 
environment. 
It is  with these examples in  mind that 
the  prospects  of  integration  of  the 
acadja system in  the lvorian lagoons 
should  be considered. The proposed 
innovation  will  certainly have an im- 
pact on the farming system and, in order 
to succeed,  it  must  be accepted  by 
the fishers and villagers.  Problems can 
be analyzed in terms of potential com- 
petition  for resources, on the one hand, 
and for space, on the other. 
Competition for Resources 
If the installation of pens in shallow la- 
goons  poses the  problem of space appro- 
priation, in contrast, its effects on the re- 
sources are marginal. These are limited to 
the  passing of the hy (predominantly  cichlids) 
through the nets (14 mm). The resulting 
stock modification does not constitute so 
much of a problem in itself, but traditional 
aquaculture may suffer from the prolifera- 
tion of fish in the  acadjas and, consequently, 
from stunted growth or from the  presence 
of  undesirable species. 
The implantation of  traditional  acadjas 
must be considered from different angles 
since the function of this production sys- 
tem varies according to  its age. Three pe- 
riods can be distinguished: 
At first, the  audja  plays a role of refuge, 
and, at  this stage  the  young acadja functions 
as  a simple trap which competes with other 
artisanal gears in  open waters. The initial 
stock in  the acadja is  equal to a  biomass 
produced in the lagoon open  waters. Note 
here that the  stock in the  acadja is dominated 
by usually one  or a Few particular species. 
In  rnixohaline  areas close to Abidjan, 
Lu~anusgoreensis  is the  dominant species 
(Hem and Avit 1991;  A. Bert, pers. comm.): 
in  oligohaline  waters,  Sarotherocion 
melanotheron is dominant with 70-90% of 
the biomass. The same phenomenon has 
been observed in  Ebrie lagoon (Hem and 
Avit 1991  ) and in Lake Nokoue (Welcomme 
1972). 
Later, the acadja plays the role of 
an "artificial  reef"  where branches con- 
tribute to the development of  algae, 
protists and zooplankton on which the 
fish feed. The entire system benefits from 
this  considerable  increase  of  natural 
productivity. 
Finally, reproduction and growth con- 
tribute to the development of a balanced 
biomass in relation to  the  volume of  water and its trophic potential. Under these  con- 
ditions, the  acadja may even contribute to 
the  export of resources to  open waters. 
Regarding competition between acadjas 
and other artisanal fisheries, the  following 
must be clarified: 
the stocks in  the acadjas are clearly 
difFerent  from  those  found  in  open 
waters;  therefore,  competition,  if  it 
occurs, will  concern only the species 
that  can  colonize the acadja;  and 
for these species, competition de- 
pends on the use of the acadja. If  the 
acadja serves as  a trap that is  harvested 
frequently (every two to three months. 
for  example), the Fish  trapped  inside 
could have been caught by other tra- 
ditional techniques.  In  contrast,  if the 
acadja is  harvested less frequently, pro- 
duction (reproduction and growth) wins 
out, and the catches do not depend 
on the external stocks. 
Provided  that harvesting is  sufficiently 
spread out in  time, acadjas can gen- 
erate additional  productivity  and  do 
not at all  obstruct access to resources 
by other artisanal  Fisheries.  In  fact, the 
yields of  other Fisheries  are even likely 
to increase due to the export of  part 
of this new production from the acadjas. 
Note  also  that  the yields  From  the 
acadjas are much  higher  than those 
from  open water Fisheries.  Based  on 
branch  densities, acadja size and pro- 
duction cycles, Welcomme (1  972)  re- 
ported yields  OF  2-9 teha-'.year-'. In  Lake 
Aheme,  the  35  hectares  of  acadjas 
gave,  in  1969,  mean  yields  OF  5-6 
t.ha-'.year-'. 
However, while overall acadja pro- 
duction  increased  without  detriment 
to traditional  fishers, conflicts developed 
very rapidly  because of  the poor or- 
ganization of  the  acadja implantation: "the 
lack OF a sound management system, of a 
rigorous administrative organization and of 
sufficient understanding of the sociologi- 
cal environment would contribute to the 
failure of the otherwise technically sound 
acadja system  ..." (Pllya 1980). 
Space  Appropriation 
Permanent Appropriation 
Acadja and pen production  systems 
monopolize entire areas permanently, 
discouraging any other activity. To this 
problem of  space control is  added the 
problem of  fishing limits imposed in  the 
proximity  OF acadjas. As the grounds 
that are suitable For  the Implantation 
of  acadjas  are  unevenly  distributed, 
a  concentration of  fishing activities-  in 
these areas is  likely to occur, particu- 
larly as these grounds can be accessed 
freely.  Lake  Aheme provides a  good 
example  of  this situation: at the end 
of  the experiment, entire areas were 
off-limits  for other fishing activities.  Per- 
manent  appropriation  of  space  can 
only lead to conflicts if  such practice 
is  not governed by  principles agreed 
upon by  all  and respected.  In  Benin, 
the theoretical, complementary exist- 
ence of  fisheries and extensive aqua- 
culture finally turned out to be a  source 
of conflicts mainly because of  the trans- 
formation of  the lake  into a  pioneer 
front, conquering and confiscating the 
environment (space and resources) for 
the benefit  of  a  socially heterogene- 
ous fishing population that eluded con- 
trol. The misuse of the acadja as  a simple 
fish  trap is  another manifestation of this 
problem: if  the traditional authorities 
cannot channel  and  limit  the spatial 
expansion of  this phenomenon, neither 
will  the fisheries administration be able 
to enForce the resources management 
regulations it has established. In  general, 
the permanent appropriation of aquatic  space 
to accommodate such an exclusive tech- 
nique constitutes a bias against the most 
common fisheries activities. The iustifications offered and the precautions taken, in the 
context of  this traditional (or  more recent) 
production systems, show the extent to 
which these  forms of environment may have 
negative social impacts. They should there- 
fore be closely controlled. 
Strategic Spaces 
The type of  space used  For  aqua- 
culture, i.e., the shallows, may, like the 
lvorian lagoons, fulfill an important sym- 
bolic function  (Verdeaux 1981, 1986). 
Even  if,  at first,  these spaces appear 
not to be utilized, they are collectively 
appropriated for the establishment of 
"fixed fishing gears," the constructions 
which consolidate the entire system of 
social relationships. The proximity of shal- 
lows has always encouraged the es- 
tablishment of  traditional  community 
settlements. Each  given a  name, the 
shallows are included in  the commu- 
nity's  aquatic territories and are only 
accessible to mobile fishing gears. 
The reintroduction  of  permanent 
appropriation  of  these spaces for 
aquaculture is  not without creating 
conflicts. It is indeed difficult to  accept 
that outside entrepreneurs should be 
given these grounds without the pre- 
liminary agreement of the family and 
village authorities. The above, concerning 
the  village territorial waters in the  EbriC 
lagoon, which includes Fishing grounds 
(and shallows) formerly managed by 
villages, limits at  least the  risks of dispute 
to  each of these villages. This being said, 
the  villagers should not be made  to suffer 
from such arrangements; they should, 
on the contrary, benefit from them. If 
research efforts do  not focus on the role 
that these new  techniques can play within 
the local social systems (and the situ- 
ation can change from one village to 
the next), projects for the  extension of 
Fish  farming techniques may well face 
unmanageable conflicts. 
From Appropriation to Privatization 
Ultimately, the implantation of  aquaculture 
systems  in the  natural environment transforms 
the status of the spaces  thus used. By  being 
treated almost as  are  agricultural lands, these 
grounds acquire commercial value and en- 
courage privatization.  If fish farming produces 
"n" tons  offish in one  hectare of lagoon area. 
the value of this hectare can be established 
since the productivity and the profitability 
of  this area depend only on the fish farmer's 
management system and no longer on the 
overall intensity of the fisheries as in cap- 
ture fisheries. 
However, in terms of  gross margins, one 
hectare covered with  pens is  equivalent 
to several tens of  hectares of palm trees 
(Lirola 1986).  This comparison is  also valid 
for acadjas. Regardless of the particular 
use of  the environment, these techniques 
may create social  problems with unex- 
pected  consequences.  In  the  context 
of  agricultural  land  saturation,  for 
example, these farming techniques may 
be a  palliative to the lack of  land and 
lead to the appearance of  unexpected 
claimants for tenure of lagoon areas. 
Dlscusslon 
In  view of  the difficulties encountered 
in Benin and the analysis of the causes of 
the conflicts, the prospects of exporting 
the acadja technique to  other African con- 
texts appear at first to be bound to fail. 
This is  not necessarily the case, however, 
if the  speciFic characteristics  OF the Beninese 
and lvorian coastal environments are  taken 
into account. 
Concerning the effects on the environ- 
ment in Benin, several major inconveniences 
have  been  pointed  out,  including 
deforestation, rapid silting and organic  pol- 
lution. None of these problems should af- 
fect  the  lvorian  environment.  The 
hydroclimatic conditions contribute to  the growth of  a thick, lush ground cover (annual 
rainfall = about 2,000 mm on the coast) 
and the  use of  wood would not lead to  in- 
creased erosion and sedimentation in the 
lagoons. In  addition, wood could  be 
substituted with bamboo which presents 
several advantages (Hem and Avit 1991  ) 
and especially releases less organic mat- 
ter. It  should also be noted that lvorian 
lagoons are much  larger and deeper 
(average of 5 m in the Ebrie Lagoon). As- 
suming the shallows and coastal zones to 
be covered with acadjas in  the western 
oligohaline areas which are the only truly 
suitable areas would still only represent 1 - 
2% of the total surface area. Competition 
for resources with the  artisanal fisheries does 
not constitute a  rational objection either: 
due  to  the  specific composition of the  catches, 
acadjas do  not significantly affect the  other 
forms of  fishing activities. Moreover, the 
use of  this technique increases  total 
production. Still, the permanent and vis- 
ible appropriation of  part of  the lagoon 
territory may be resented by the  fishers who 
would be excluded from the acadja pro- 
duction system. Finally, the  full-sale analysis 
of the technical feasibility and economic 
efficiency of  the acadja-enclos production 
system in various hypothetical instances of 
implementation show very encouraging 
results (Hem and Avit 1991  ). 
It is  therefore at the sociocultural level 
that the major Imowledge gaps are to 
be found. Assuming that aquaculture 
takes an important place in the lagoon, the 
two potentially most destabilizing effects 
would be a change in  the challenges and 
stakes involved, on the  one  hand, and the 
transfer of the management of  resources 
to new categories of  participants, on the 
other. The social role that these methods 
occupy in production systems is in fact the 
main issue. The potentially ensuing divide 
between Fishers and aquaculturists would 
imply the formation OF two unequal social 
groups. This situation would be similar to 
that which prevailed in the lvorian lagoon 
capture fisheries. The opposition between 
direct producers and seine owners has 
resulted either in conflicts or in increased 
activities and overfishing. In contrast, the 
long-term appropriation of space and the 
returns guaranteed by pen and ncadja farming 
techniques form a system that is similar to 
that found in  plantations. The latter, an 
extensive production system, reaches land 
saturation in  these areas. In  this context, 
the  acadjas could be an  extension or timely 
substitute  to  the  plantation crops, as  world 
commodity market prices are declining. 
However, at  this point, it is  still not clear 
whether an important contribution of  cultured 
fish in  the domestic market would affect 
production costs. 
The conception of a new  production system 
in the lvorian lagoons is  the fruit of  corn- 
parative and multidisciplinary approaches 
on the environment, resources and socie- 
ties. It takes into account the  lessons learnt 
from the many failures of aquaculture projects 
and the conflicts  related to the manage- 
ment of aquatic resources. It Finally draws 
on a  particular farming concept which is 
extensive-oriented  and favors minimized 
inputs, hence encouraging the use of  na- 
tive species and an implantation in the natural 
environment. These considerations have led 
us to  suggest the following recommenda- 
tions: 
biological and economic "monitoring" 
of the performance of the acadjas and im- 
plementation of  the  necessary adaptations 
(combination with pens or not, forms and 
size of acadjas, materials, etc.): 
anthropo-historical  analyses of the 
changing relationship between societies and 
the environment: representation  and ap- 
propriation  of space, role of the fisheries 
in the farming systems, etc.; and ecological mapping of  the physically 
suitable sites with a description  OF  their 
potential use and users. 
Regardless of  the choice of aquaculture 
production systems and beyond the im- 
mediate satisfaction of the needs of  the 
local  populations, the impact of cultured 
fish on the market is  yet to be assessed: 
consumers' attitude, prices and marketing 
potential. 
Important  research and development 
efforts will  be necessary For  the sustain- 
able integration  of  this new production 
system. We believe that the adaptation of 
the acadja technique can constitute a new, 
appropriate activity in the lagoon context 
which, combined with traditional  Fisher- 
ies, will improve the management OF  spe- 
cies and contribute to better control and 
increased production. 
References 
Bourgoignie, G.E.  1972.  Les hommes de I'eau : 
ethnologie du Dahomey  lacustre.  Editions 
universitaires.  Paris. 391 p. 
Buffe. J. 1958.  Les pecheries en branchages "acadja" 
des lagunes du Bas-Dahorney. Bois For. Trop. 
59:  19-24. 
Charles-Dominique. E. 1988.  La pCche artisanale en 
lagune Aby, Cdte d'lvoire. Statistiques  de pkhe 
1982-1  987.  ORSTOM. Montpellier. France. 24 
p. + annexes multigr. 
CT!T.  1965.  Etude sur la p&che  lagunaire (Rtpublique 
du  Dahomey). Rapport de  synthCse 1962-  1965. 
Centre technique forestier tropical.  Nogent- 
sur-Marne.  France. 33 p. 
Durand. J.R. and F. Verdeaux. 199  1.  Peches artisanales 
et elevages  aquatiques : complimentarites 
supposees et conflits potentiels. p. 87  1-879. 
In J.R. Durand. J.  Lernoalle and J.  Weber (eds,) 
La recherche face A la pCche artisanale. Sym- 
posium  international du 3-7  juillet  1985, 
Montpellier, France. Colloques et Stmin. Vol. 
2.  ORSTOM. Paris. France. 
Ecoutin. J.M..  J.R. Durand, R.  Lae and J.P. Hie Dare, 
XVI. 1994.  L'exploitation des stocks, p. 399- 
444.  In J.R. Durand, P.  Dufour, D. Guiral and 
S.G. Zabi (eds.) Environnernent et ressources 
aquatiques de C4te d'lvoire.  II. Les milleux 
lagunaires. ORSTOM. Paris. 546 p. 
FAOfUNDP.  1971. Rapport au gouvernement du 
Dahomey sur I'evolution de la pCche intirieure. 
son etat actuel et ses  possibilites.  Rap.  FAO/ 
UNDP TA. 2938.  97  p. 
Hem, S.  1982.  L'aquaculture en enclos : adoptio-n 
en milieu lagunaire ivoirien. Aquaculture 27:261- 
272. 
Hem, S.  and J.E.  Avit. 1991.  Acadja-enclos.  Ctude 
et synth6se.  Rapport  final.  Projet CRDl -  Ref. 
no3-p86-021  1. Avec illustrations. 94 p. 
Hem, S.,  M. Legendre.  L. Treabol,  P.  CissC, 2. 
Ottmt, and Y.  Moreau.  1994.  L'aquaculture 
lagunaire,  p. 455-505. /n J.R.  Durand,  P. 
Dufour, D. Guiral and S.G. Zabi (eds.) Environ- 
nement et ressources aquatlques  de CBte 
d'lvoire.  11.  Les milieux lagunalres.  ORSTOM, 
Paris.  546 p. 
Hurault, J. 1965.  Les  pCcheries  acadjas du lac 
Nokout, Dahomey.  lnstitut de geographic 
nationale,  Paris.  9 p. 
Kapetsky,  J.M.  1981.  Some considerations  for  the 
management  of coastal  lagoons and estua- 
rine  fisheries. FA0 Fish. Tech. Pap. 218,  47  p. 
Lazard, J., J.Y.  Weigel,  B.  Stomal and  8. Leconte. 
1990.  Bilan,  orientation  de la  pisciculture 
en  Afrique  Francophone  subsahClienne. 
Ministere de la Cooperation et du DCveloppement. 
205 p. multigr. 
Lirola. A.  1986.  Etude  socio-Cconomique  des 
populations cibles pour le dtveloppement de 
I'aquaculture lagunaire en CBte d'lvoire. Centre 
de recherche5 oceanologiques. Abidjan. 61 p. 
rnultigr.  - 
Pelissier, P.  1963. Le pays du  Bas Ouerne :  une reglon 
temoin du Dahorney miridonial. Faculte des lettres 
et sciences humaines, Dakar. 173 p. 
Pliya, J.  1980.  La pCche dans les eaux du sud-ouest 
du Benin. Agence de cooptration culturelle et 
technique,  Paris,  France. 296 p. 
QuensiCre, j. 1990.  Systemique et pluri-disciplinarite : 
I'exemple du programme d'etude de la peche 
dans le delta interieur du Nlger. p. 475-492. 
In C.  Mullon (ed.) Seminform 4 : le transfert 
d'echelle. Colloques et SCmin. ORSTOM, Paris, 
France. 
Rabier, J.. A.  Klingebiel and  1.  Lang.  1979.  Etude 
sidirnentologique de la lagune de Porto Novo 
(Benin-West Africa).  Bull.  Inst. Giol. Bass. 
Aquitaine 25:31-55. 
Tixier. H.,  C.  Dossou and 6. Colleuil. 1979.  Etudes 
d'environnernent  lagunaire  du  domaine 
marginolittoral sud-Beninois. Etude hydrologique 
prtliminairedu lac Nokout. Bull. Inst. GCol. Bass. 
Aquitaine 25:  149-1  66. 
Verdeaux.  F. I98  1. L'A'izi  pluriel chronique d'une 
ethnie lagunaire de CBte d'lvoire. Paris. 303  4 
p. These  de I'Ecole des  hautes  Ctudes  en 
sciences soclales. 
Verdeaux.  F.  1986.  Du pouvoir des genies au savolr 
scientifique.  Les mttamorphoses de la lagune 
Ebrie (CBte d'lvoire). Cah. Etud. Afr. 101 -102. 
26(1-2):145-171. Verdeaux, F.  1989. GCnealogie d'un phCnom&ne  de 
surexploitation. lagune Abi 1935- 1982. Cah. 
Sci. Hurnalnes. ORSTOM 25(1-2): 191-211. 
Verdeaux. F.  1994. Le contexte sociologique, p. 367- 
398, ln J.R.  Durand,  P. Dufour. D.  Gulral and 
S.G.  Zabi (eds.) Environnernent et ressources 
aquatiques  de CBte d'lvolre. II. Les milieux 
lagunaires. ORSTOM, Paris. 546 p. 
Weigel, J.Y,  R.  Laeand S. Hem. 1989. Bilan prtliminaire 
d'amtnagernent des pCches du  systCme togolais. 
Ministere du Developpement rural/COFAD 
GmbH.  11  1 p. + annexe. 
Welcomrne.  R.L.  197 1.  A  description of  certain 
indigenous fishing methods from Southern 
Dahomey.  1.  Afr.  Trop.  Hydrobiol.  Fish. 
12:1 28-140. 
Welcornrne,  R.L.  1972.  An  evaluation  of the 
acadja method of fishing  as  practised in 
the coastal lagoons of Dahorney (west Africa). 
j. Fish Biol. 4:39-55. Philippine TilapPa Farming  Technologies 
and Their Relevance  to Africa 
R.D. GUEBRERO  111 
Phil/ppin  e Council for Aqua tic and Marine 
Research and Development 
Los  Baiios, Laguna, Philippines 
GUERRERO, R.D.  111.  1996. Phillpplne tllapla farming technologies and their relevance to Africa, p. 42-45. In 
R.S.V.  Pullin, 1.  Lazard. M. Legendre,  J.B. Amon  Kothlas and D.  Pauly  (eds.) The Third  lnternatlonal 
Symposium on Tilapia in Aquaculture.  lCLANVl Conf. Proc. 41. 575 p. 
Abstract 
To solve the immediate problems of inadequate seed supply and stunted growth of tilapias in ponds due 
to reproduction, low-cost technologles for seed production and control of reproduction were developed by 
Philippine government institutions in the 1970s and were commerclalized by the prlvate sector. With the 
many sirnllarltles In the geographic, economic and cultural conditions obtaining  in Southeast  Asia  and 
Africa, the appropriate technologies developed in  the Philippines for tilapia seed production  and  population 
control rnlght be adapted for application  in Africa.  Methods for  fry  production and sex  reversal of Nile 
tilapia (Oreochromis  nllotlcus)  appropriate for small-scale farms are presented and their possible applications 
In Africa dlscussed. 
lntroductlon 
Culture of tilapia was reported in Kenya, 
Africa, in  1924  by Balarin and Hatton ( 1979). 
Due to development constraints such as 
the shortage of qualified personnel for ex- 
tension and lack of fisheries organizations, 
tilapia farming in Africa has remained largely 
at the subsistence level, with the excep- 
tion  of a few commercial farms in  some 
countries. Aquaculture production in  Af- 
rica was  estimated to be 45,000 t in  1988 
mainly horn freshwater pond culture of tilapia 
(Balarin 1988). 
There are many similarities in the geo- 
graphic, climatic and economic conditions 
in Southeast Asia, where tilapia culture is 
of  importance (such as the Philippines, Ta- 
ble 1  ), and African countries. The majority 
OF freshwater fish Farms in Southeast Asia 
and Africa are  operated by small-scale farmers 
with less than 2.5 ha of land. Fish farming 
is also closely related to  or integrated with 
agriculture in both regions. The Nile tilapia 
(Oreochromis  niloticus) is the  most important 
cultured freshwater fish in the Philippines 
(Guerrero 1987)  and in Africa (Balarin and 
Hatton 1979). 
This paper discusses some Philippine 
technologies for tilapia farming of relevance 
to  Africa, with emphasis  on  freshwater pond 
culture. It is hoped that the Philippine ex- 
perience will  be of  benefit in  promoting 
further development of  tilapia culture in 
Africa. 
Phlllpplne Tllapla Farmlng 
Technologies Relevant to Afrlca 
Like  many other countries farming or 
seeking to  farm tilapia, the Philippines has 
had to overcome two major constraints: 
shortages  of fish seed and the problem of 
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Low-cost technologies for the mass pro- 
duction of  Nile tilapia fry and fingerlings 
were developed by Philippine government 
institutions in  the latter half of  the 1970s. 
Freshwater ponds and hapas-in-ponds for 
fingerling production  were extensively 
adopted for commercialization by  the pri- 
vate sector in  the 1980s (Escover  et al. 1987). 
The poor growth of  tilapias in  ponds and 
their prolific breeding were also the sub- 
ject  of  in-depth  studies by  government 
researchers in  the 1970s.  The sex reversal 
technique for the production of95-98% male 
tilapia Fry  was found to be the most prac- 
tical and economical method For  increas- 
ing yields of harvest-size tilapia (Guerrero 
1979). 
Seed Production Techniques 
There are at present thousands of fresh- 
water tilapia hatcheries being operated in 
the Philippines by the private sector. Most 
of the hatcheries are small-scale, land-based 
operations with areas of 0.1 to 0.5 ha. The 
two most common methods of producing 
tilapia seed (fry and fingerlings) in the country 
are the use of open earthen ponds and hapas- 
in-ponds. 
Open Earfhen Ponds 
Manually constructed earthen ponds with 
sizes ranging from 200 to 400 mZ  are used 
in  suitable areas with clay soil and abun- 
dant water supply (e.g.,  irrigated riceland). 
The ponds are rectangular and 0.5 to 1 m 
deep. 
Breeding ponds are fertilized with chicken 
manure at the rate of  250 kgha-'.weel<' 
and stocked with up to 4 breeders.rmZ.  The 
breeders weigh 50  to 100 g each and have 
a sex ratio of  one male to three females. 
At  stocking density of 4em-2,  fine rice bran 
is given to the fish as supplemental feed 
at 5% of  biomass per day. 
Two weeks aFter stocking of  the breed- 
ers, schooling fry are scooped daily in the 
morning and transferred to net enclosures 
(hapas)  for holding or rearing prior to stock- 
ing in  nursery ponds. The fry are stocked 
at densities of 200 to 400.m-2  in  nursery 
ponds which  are -fertilized with  chicken 
manure. Feeding of  fine rice bran at 10% 
of  biomass is applied. Fingerlings are har- 
vested from the nursery ponds after about 
four weeks of  rearing by seining and draining 
the ponds. Survival is usually 60-80%. 
This method of  tilapia seed production 
in small ponds, often constructed in ricelands, 
is directly applicable in  African countries 
with similar land and water resources. 
Hapa-in-  Pond Seed Production 
Fine-mesh  hapas (net cages) provide a 
simple yet very efficient method for pro- 
ducing tilapia seed. Hapas were first used 
in  India for the breeding of carps and their 
application For  tilapia production was first 
reported in the Philippines (Guerrero 1977). 
For  breeding Nile tilapia, hapas of  I .5xlx 1 m, 3x3~2  m and 12x4x2.5 m have been 
used for commercial tilapia seed produc- 
tion. The hapas are  constructed by sewing 
portions of  the fine-mesh netting by ma- 
chine, using nylon thread. The hapas are 
installed in earthen ponds  or shallow lakes 
by hitching them to  bamboo poles or wood- 
en  stakes driven into the bottom. At least 
0.25 m of  the top  side of the hapa (if cov- 
ered) is  above the waterline.  For  uncov- 
ered hapas, a freeboard of 0.5  rn is neces- 
sary to  prevent the escape of fish. 
The stocking density of breeders usually 
applied in  cages is  4.m-Z  with a sex ratio 
of  one male to three females. The breed- 
ers range in size From 60 to 80 g at  stock- 
ing. A feed consisting of 75% of fine rice 
bran and 25% fish meal is  given at 3% of 
biomass in two feedings (once  in the morn- 
ing and once in the afternoon) per day. The 
breeding cycle in cages usually lasts For four 
weelts, as  in ponds. Breeders are  segregated 
by sex  after each  cycle and conditioned For 
at least a week between cycles. They are 
replaced when they reach 250 to 350  g. 
The collection of fry from hapas is facili- 
tated by the installation of footwalks made 
of wooden planks or bamboo. Fry  and 
fingerlings are collected by using dip nets 
or by lifting up the  cages and scooping the 
fish  out. Daily  collection of  fry  10 to 12 
days  after stocking of breeders yields more 
fry than periodic harvesting (i.e.,  every 15 
days) because of  the higher incidence of 
cannibalism with the latter operation. 
From the breeding hapas, fry are trans- 
ferred  to nursery  cages,  stocked  at 
1  ,OOO.m-Z  for the first week of rearing and 
fed a high-protein Feed (35%  crude protein) 
at 15  to 20% of biomass in  four feedings 
per day at 2-hour intervals. In  the second 
week, their density is  reduced to 500.m-2 
and feeding rates are 12-  15%  biomass; in 
the third week, the density is  250rr1-~  and 
feeding remains at 10-  12O/0. 
To reduce mortality due to poor water 
quality, regular cleaning and/or replacement 
of  the hapas is  done. Grading of  the 
fingerlings is  necessary to minimize can- 
nibalism and ensure uniform growth. 
The use of hapas for fry production may 
be a  problem in  Africa with the unavail- 
ability of  the fine-mesh polyethylene net- 
ting required  for hapa construction. Old 
mosquito nets may serve the purpose as 
long as nylon instead of cotton thread is 
used for stitching the material for durabil- 
ity. Of late, experimental work on the use 
of hapas for the breeding and rearing of 
tilapia was introduced in Malawi, AFrica by 
the International Center for Living Aquatic 
Resources Management  (R.S.V. Pullin, pers. 
comm.). 
Sex  reversal Technology 
To solve the problem of stunted growth 
of tilapia and of their prolific reproduction 
in ponds, various techniques including use 
of predators, hybridization, manual sexing 
and sex reversal have been tested in  the 
Philippines. Of these techniques, the sex 
reversal method was found to  be the most 
feasible for commercial application (Guerrero 
and Guerrero 1788).  Production of sex re- 
versed tilapia fingerlings is now being done 
by  at least four commercial  fish  farms in 
the country. 
The simplest way of applying the sex 
reversal technique for producing as much 
as  99% male Nile tilapia fingerlings is through 
giving feed containing 30 mg,kg-' diet OF 
17a-methyltestosterone (hormone  Feed) to 
sexually undifferentiated fry  in  hapas for 
three weelts. The treatment process is easily 
incorporated in the fry rearing stage using 
available Facilities. The cost of  applying the 
sex reversal technique is  low and afford- 
able, even by poor small-scale fish farmers. 
The application of  the sex reversal tech- 
nology in small tilapia farms in the Philip- 
pines has required many years of develop- 
ment work. An  efficient hatchery system 
is  needed to produce the right age and 
quantity of fry for treatment. Access to  the hormone feed by small-scale farmers was 
made possible by the private sector. 
Where there is  a preference  for  large- 
sized tilapia  (300 g per  fish or  more) by 
consumers in African countries, some sort 
of population control for Nile tilapia in ponds 
will be necessary for effective management. 
The use of the sex reversal technology may 
be considered wherever feasible. 
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Abstract 
Acadja is a fishing method widely practiced in the coastal lagoons of Benin. The principle of this traditional 
fishery is to set dense masses of branches in shallow water, which attract wild Fish  in large numbers. The 
yearly productlon is very high: 7  to 20 t,ha-'. Exploited within a short time (two to three months), the 
acadja system could be considered simply as a fish trap or aggregating device. If harvested after a longer 
period (six to 12 months), it may be considered  as  a culture system (retention, breeding,  propagation, 
natural feeding and growth). This contribution explores the latter. Two production systems were used: an 
acadja-enclos (enclosure with acadja) and an enclosure without acadja used as a control. After 12 months, 
a biomass equivalent to 8 t-ha-'  was harvested from the acadja, eight times higher than the control system. 
Among the 18 species of Fish  harvested, Sarotherodon melanotheron represented 79% of the blomass. 
Analysis of the fish population showed that the young fry had entered through the net at the beglnnlng of 
the experiment and grown in the acadja-enclos. There were no differences in condltion factor between the 
5.  melanotheron from the acadja-enclos and From open water. Further experiments have shown that acadja- 
enclos, which can  be considered as  "bamboo reefs."  are very suitable  for  fish  productlon In rural CBte 
d'lvoire. The acadja-enclos system appears to increase productivity greatly in lagoon fish culture. The same 
principle could be applled In extensive aquaculture or In varlous aquatic management programs.  Further 
research is needed to understand the basis OF this high productivity. 
Introduction 
Coastal lagoons  are  a vast area, rich and 
favorable for a potential aquaculture de- 
velopment in West  Africa (Pauly 1976),  but 
lagoon aquaculture in  brackishwater  has 
started only recently. Plans and projects 
have been proposed (Dada 1976),  but few 
"Current address: ORSTOM. BP 5045. 34032 Montpellier 
Cedex  1. France. 
actions have taken place. In C6te d'lvoire, 
experimental lagoon aquaculture began in 
1978,  with a catFish species (Chlyslchthys 
nigrodigitatus) (Hem 1987),  but the  costs 
of  Feeding these Fish  is  a  real budget con- 
straint (about 50% of  the  production cost) 
and hardly affordable in the rural context. 
For this reason, a new  aquaculture research 
program was set up by the Centre de 
recherches occ5anologiques (CRO) d'Abid- 
jan to develop  extensive aquaculture  systems 
for rural  conditions. For  this, production methods must be technically simple, with 
minimum external input (such as energy 
and food pellets, etc.) and using the avail- 
able local resources and village labor. 
Acadja is a traditional fishery system in 
Benin (West Africa). Usually implemented 
in shallow water of about  1 m depth, an 
acadja is a brush parit made from wood  and 
branches. These attract fish.  This  kind of 
Fishery is found in  many countries (ICapets- 
Icy  198  1 ), but it is particularly developed 
and well-designed in  the lagoons of  Benin 
(Welcomme 1972). The high productivity 
of  the acadja system has a dual basis: (1) 
attraction and migration of wild fish into 
the acadja,  (2)  reproduction and growth 
of  fish inside the acadja system (Fig.  1, I). 
Harvests of  4 to  20 teha-'.year"' have been 
recorded from acadjas and their prolific 
spread within the lagoons of Benin have 
caused serious social conflicts (Pliya 1980): 
conflict  between the acadja owners and 
lagoon fishermen who complain that the 
acadja attracts all the Fishes From the wild 
stock (natural resource competition); and 
conflict between acadja operations and 
navigation (lagoon space competition). 
Hence, acadjas are no longer allowed in 
some regions, e.g.,  lakes Aheme in Benin 
and Togo in  Togo. 
Therefore, our research was designed to 
avoid such conflicts and to  turn the acadja 
into a culture system. Our new fish pro- 
duction system has been called an "acadja- 
enclos" (Fig. 1, 11).  For this, the traditional 
acadja is modified by surrounding the dense- 
ly packed tree as other material with a net. 
Materials and Methods 
The experiment was made in the Ebrie 
Lagoon in bracltishwater (0-5 ppt  salinity) 
at the Layo Aquaculture Research Station. 
Three 25x25-m enclosures surrounded by 
net no. 2 10/60 (mesh 14  mm)  (Itnot to  knot) 
were used to enclose the devices. They were 
built on sandy  bottom with the same 
technique already used for catfish enclosures 
(Hem 1982). At  the start, the three endosures 
were cleared of  all fishes, using  a small mesh 
seine net (8 mm) (knot to  knot). The first 
enclosure was kept empty and used as a 
control structure (Fig.  2). The  second 
enclosure was filled with Sclera sp.,  a kind 
of  floating aquatic grass which thrives along 
the lagoon border, spread over 100  rnZ, 
surrounded by bamboo sticks embedded 
in  the sand (Fig. 2, Section AB). This aquatic 
grass is known as one of  the natural habi- 
tats of Sarotherodon me/anotheron,  the main 
species which colonizes acadjas. This ex- 
periment was designed to  investigate other 
sources and kinds  of  substrates rather than 
using wood, the depletion of  which in  the 
surrounding area may have undesirable 
ecological impact. 
The third enclosure was an acadja-enclos: 
a brush park, set up  like the traditional aca- 
dja in Benin. One hundred packages of 
dry branches were spread over 100  m*, and 
also surrounded by embedded bamboo 
sticlts (Fig. 2, Section CD). 
There was no stocking with fingerlings. 
The first recruitment began wlth  small wild 
Fish (1 to 2 g body weight) being  attracted 
into the acadja-enclos through the meshes 
(net no. 21  0/60,  meshes  14  mm). Once 
inside the acadja system, they Feed and grow 
larger so that they are trapped within the 
acadja-enclos. 
The three systems were left for 12  months 
without any intervention, except to  inspect 
the nets every three weeks. After this, the 
three structures were harvested and the total 
length and body weight of every fish col- 
lected were recorded. 
Results and Discussion 
The total production of each device is 
presented in Table  I: 1 1.7 kg  and 18.2 kg 
were respectively collected from the con- 
trol enclosure and the acadja-enclos  with 
aquatic grass. On  the other hand, 80.5 kg (1) 
Traditional acadja (I ): An open system 
@ : Acadja (brushpark) 
X0  : Reproduction and biomass increase within the acadja 
: Migration of wild fish (all sizes and ages) into the acadja 
(one of the main causes of conflict between fishers and 
acadja owners) 
Acadja-enclos (11):  Semi-closed system 
\ 
'\  : Acadja delimitation by a net screen 
N  :  Net characteristics: 210160, mesh size 14 mm 
+  : Selective migration allows only small-sized fish to pass 
through the 14-rnm  mesh (knot to knot) 
X0  : Reproduction and biomass increase within the acadja- 
enclos (main source of productivity of the acadja-enclos) 
Fig.  1. Diagram OF  traditional acadja (I)  and acadja-enclos  (11) 
were recorded from the  acadja-enclos wlth 
a brush-park.  Thus, it is  clear that acadja- 
enclos produced about seven times more 
than the  control enclosure. 
The  acadja-enclos was  strongly colonized 
by S.  melanotheron (79%  of  the  biomass). 
The ncadja device appears  to  be well-adapted 
to 5. melanotheron behavior, enhancing their 
colonization and population development. 
The other species listed in Table 1 had lit- 
tle or no influence on the biomass in the 
acadja-enclos.  However, the presence of 
other catfish, Heterobranchus longififis, a 
very fast growing species and predator of 
5.  melanotheron and other species could 
lower the biomass. 
The high percentage of 5.  melanotheron 
in  the biomass requires a more detailed 
analysis. As  young S. melanotheron  entered 
the  acadja-enclos through the  mesh net, it 
was noticed that their growth corresponded 
probably to  about the  age  of one  year with 
a 2 10-g  average body weight for females 
and 160 g for males. 
Comparing the condition factor index, 
there were no differences between the S. 
melanotheron  in the audja-enclos and  those 
growing in the open waters. Fig. 2. Experimental design of an acadja-enclos used as a culture system. Devlce 
surrounded by  net no. 210/60. mesh 14 rnm. Section AB: audja-enclos made 
from aquatic grasses;  and Sectlon CD: acadja-enclos made from brush park. 
Acadja-enclos with brush park. After this 
first experimentation, the replications of the 
acadja-enclos were performed with larger 
surfaces (200,400  and 2,500 m2).  The har- 
vests horn two 200-mZ  acadja-enclos were 
109.1 kg and 195.9 kg  (equivalent, respec- 
tively, in yield per hectare: 5.4 t and 9.8 
t.ha-'.year-'). Only 13  1.9 kg  (equivalent in 
yield per hectare: 3.3 kha-',year-')  was re- 
corded from the 400-m2 acadja-enclos. 
Harvests of 241.1, 358.8,337.1,  and 877.5 
kg  were recorded from four larger acadja- 
enclos (2,500 mZ).  By extrapolating the da- 
ta to yield per hectare, an average of 1.8 
Pha-'.year-' was  recorded (Hem and Avit 
1%  1 ). There was no  proportional relationship 
between the size OF acadja-enclos and their 
respective yields: curiously, yields became 
lower with the larger sizes ofacadja-&clos. 
These results show that large acadja-enclos 
units (over 500 mZ  per unit) give appar- 
ently lower yielding profit than small ones. 
But the main problem related to acadja- 
enclos using brush park ismorc of its en- 
vironmental rather than economic impact. 
The  building of larger acadja-enclos, 
however, can lead to ecological and so- 
cial problems. The quantity of wood and 
branches, required for a 2,500-mZ acadja- 
enclos is 18 to  20 t and the impact of  wood Table  1. Biomass (g)  of different species harvested from three acadja-enclos; for details, see text. 
With  With a 
aquatic  brush 
Species  Control  grass  park 
.€lops lacerta  7  5  16  5  1 
Ethmalosa fimbl-iata  22 
Hepsetus odoe  34 
Chrysichthys  nigrocligita  tus  9  1 
Chryslchthys maurus  2.21 2  83  1  2.936 
Synodon ti5 sp p .  176  888 
He  terobranch  us longifilis  7,104  2,108  8.31  1 
Gerres sp  p .  32 
Hemichromis hsciatus  240  710  1,514 
Tylochromis  jentinki jentinki  26  24 
ri/apia guineensis  313  3,058  762 
Sarotherodon melanotheron  1 -49  1  10,437  63.497 
LiIapia maria  e  355 
Ctenopoma kingsleyae  54  464 
Eleotris senegalensis  377  1.316 
Citharichthys starnpflii  134 
Synaptura lusitanica 
Cynoglossus  senegalensis  18  347 
Penaeus notialis  7  2  7  2  7 
Macrobrachiurn sp p.  69  74 
Calllnectes spp.  48 
cutting on  the surrounding forest is highly 
visible. Moreover, the yearly destruction 
of  brush parks (60  to  70°/o  in this case),  and 
accumulation of organic matter in the la- 
goons, would have undesirable long-term 
consequences  for the environment. Therefore, 
the idea of making acadja-enclos out of brush 
parks has been abandoned, in favor of us- 
ing only bamboo. 
Acadja-enclos with bamboo. The search 
for new substrates for acadja-enclos led us 
to  try bamboo (Fig. 2).  Trials were First made 
in  small acadja-enclos,  followed  by re- 
plications of larger dimensions (800, 1,250 
and 2,500 mZ).  The density of  bamboo 
sticks was 10 per mZ.  The results were very 
promising. An average of 8.3 kha-'.year-' 
of  biomass has been recorded (see Table 
2) showing also the advantage of bamboo 
substrates which can last a longer time (five 
to  six years). No accumulation OF  organic 
matter has been found with acadja-enclos 
made with  bamboo. Moreover, vertical 
bamboo sticks at-e  an ideal substrate for the 
proliferation of natural Fish feeds: periphyton 
and aufwuchs (Plates I  and 2). 
In order to evaluate  the  total productiv- 
ity of such acadja-enclos, we  harvested by 
removing all  the bamboos. This was nec- 
essary for the experiment, but not realis- 
tic under commercial conditions. Such com- 
plete harvesting includes the small fishes 
which are not marketable and would mean 
starting the next cycle with uncertain re- 
cruitment (Fig. 3).  An alternative harvest- 
ing strategy is shown in Fig. 4. 
Further research programs will focus on 
appropriate harvesting techniques without 
removing the bamboos. The design of a 
bamboo acadja-enclos for selective harvest- 
ing is shown in Fig. 5. 
Undoubtedly, acadja-enclos can contribute 
to  enhancing the productivity of West Af- 
rican  lagoons. Technically simple, using 
materials and labor from local sources, acadja- 
enclos can be considered as using appro- 
priate technologies for rural aquaculture in 
Africa. The present lack of  bamboo in some Table 2.  Results of  four trials with acadja-enclos  using bamboo. 
Surface of acadja-enclos  800  2,500  800  800 
using bamboo (rnZ) 
Biomass harvested after  878.4  1,530  77  1  518 
12 months (kg,yearl) 
Productivity extrapolated  11.0  6.1  9.6  6.5 
(t,ha-'.year-') 
Plate 1. Close view OF  the bamboo sticks. 
Plate 2. Tooth marks from fish grazing on  the bam- 
boo. 
regions should not be considered as a se-  These few preliminary trials have shown 
rious constraint. The creation of bamboo  promising results. However, before appli- 
plantations could solve this rapidly. Bam-  cation within the rural context, preliminary 
boo, considered in  Asia as a serious "wonder  economic and social considerations must 
grass,"  also protects soil against erosion  be examined. This is the only way to en- 
and can be used for many other purposes.  sure a long-term successful development. Months 
.- 
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Fig. 4.  Fish biomass within an  acadja-enclos,  using a  six- 
monthly selective harvesting strategy where small-sized and 
young fishes are saved, and only fish of cornmerclal site are 
exported from the system.  Fig. 5. Design for an acadja-enclos to allow selec- 
tive harvesting, without removing the bamboo. 
1.  Fish attraction area (by feedlng) used also as har- 
vesting zone 
2.  Breeding areas arranged with dry branches 
3.  Bamboos 
4.  Size-selective access to open area Acknowledgement 
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Abstract 
Experiments are summarized on the use of flrewood ash and agricultural lime, and the diagnosis 
of lime requirements in  experimental fishponds situated on ferruginous and weathered soils lacking 
soluble bases in  Southern Malawi. The nutrient status of  soils on land available for pond  construction 
at the National Aquaculture Centre, Zomba, Malawi was determined. based on their %C. YON.  P. 
K+,  Na'.  MgZ+.  Ca2+  contents and relating these to recommended levels for soil fertility in Malawi. 
Lime requirements for exlsting old  ponds were calculated using Boyd's (1979)  procedure. Oreochromis 
shiranus and  Tilapid  rendalli (1  :1  polyculture) were stocked  (1  3-18 g) in 200-mZ ponds at  1.5 
fi~h,m-~.  Triplicate treatments consisted of diammoniurn phosphate applied at 100 kg,ha-'.month-'. 
malze stover compost at  5%  mean Fish  body weight,day-I. One set of  ponds was  limed at 2.5 
t.ha7'  using a 60:40 ash/agricultural  lime mixture and another set was not limed. Total alkalinity. 
chlorophyll a,  pH,  nitrate, nitrite and Secchi disk visibilities were compared among treatments. 
~utrient  status of excavated soils at the study site was generally low and soils strongly acidic (pH 
=-4.10-4.50). Old  ponds had higher soil pH  values (5,l  1-6.22) but values were highly variable. 
Lime requirements for old ponds ranged from 0 to 3.970 kg-ha-'.  Boyd's (1979) procedure could 
not be used for strongly acidic ponds. Total fish production ranged from 276-63  1 (unlimed ponds) 
to 434-661 kg,ha-'.year-' (limed ponds). There were no significant  differences (P>0.05)  among 
treatments except For  maize stover compost as the sole input where fish production was significantly 
lower (Pc0.05).  Ash/lime applications at 2.5 t,ha-' failed to maintain alkalinity within the "optimal" 
range of  15-20 mg.1-I as  CaCO,,  attributed to seepage and evaporation (10-1  50 mm-day-I)  and 
possible depletion of  alkalinity In ponds where diammoniurn fertilizer was applied. 
One of the principal  reasons why Fish 
farmers have become disillusioned in  Af- 
rica  is  poor water quality  which  ad- 
versely affected fish yields. In  Malawi, 
the benefits of liming tilapia ponds were 
demonstrated in the  early years of fish culture. 
"ICLARM Contribution No. 974. 
Although  the liming processes are well- 
understood in  agriculture (for example, 
Adams and Evans  1962), they have only 
recently been elucidated in aquaculture (Boyd 
1979).  There are  differences between fish- 
pond muds and crop soils in the relation- 
ships between base unsaturation and pH. 
Therefore, determination of pond lime re- 
quirements based on crop soils and their 
needs are likely to be erroneous. In  tropical AFrica,  most calculations of 
the lime requirements for fishponds have 
followed recommendations by Maar et  al. 
(1966)  and Miller (1975),  who  utilized the 
following scale (bha-I):  new ponds - clay 
soils  ( 1,680-2,240).  sandy  soils 
(1,  120-1,680): old ponds - clay soils (1,120). 
sandy soils (560-  1,120). 
Not only is  such a scale simplistic, its 
use might provide insufficient lime to 
effect  desired  pH  changes. 
Boyd (1  979)  derived a simple method 
for quantifying lime requirements which 
depends on mud  pH  and that of  a 
nitrophenol  buffered mud solution. The 
method assumes that soils with mud pH 
of above 5.75 will  not need lime. How- 
ever, the sunfish populations on which 
Boyd's recommendations were based are 
less dependent on  primary production than 
are  the  tilapias. Environmental tolerances 
among tilapias  are  species-specific 
(Philippart and Ruwet 1982).  In Malawi, 
for example, Oreochrornis shiranus chilwa e 
tolerates a wide range of  conditions and 
inhabits Lake Chilwa which  undergoes 
salinity changes ranging from 0.30 to 16.7 
ppt (Morgan 1972: Cantrell 1988).  Water 
quality parameters in fishponds in Malawi, 
especially pH and alkalinity, could  be 
important determinants of  fish  yields 
(Msiska 1988). 
Although the  value of liming fishponds 
in Malawi is recognized, the low purchasing 
power of  the farmers and uncertainty of 
profits From aquaculture mean that a liming 
program solely dependent  on agricultural 
lime is  unlikely to be implemented. Re- 
cent studies by Jamu (1  990) focused on 
alternative and cheaper forms of  neu- 
tralizing agents such as  wood ash from 
cooking fires in  rural  areas. This paper 
summarizes  liming reports in organically- 
and inorganically- fertilized ponds  and the 
implications of  using general recom- 
mendations on lime requirements for a 
wide range of  soil conditions in fishponds. 
Materials and Methods 
Determining the Lime Requirements 
of Fishponds 
Soils from ponds with various histories 
at  the National Aquaculture Centre (NAC), 
Zornba, since their construction in  1960, 
were sampled at the ponds' deepest and 
shallowest points. The samples  were  dried, 
pulverized and passed through a 0.85 mm 
sieve. The modified p-nitrophenol  buffer 
(pH 8.0 + 0.1  ) procedure (Boyd 1979)  was 
employed on soil samples of  20  g to  esti- 
mate  their lime requirements. Original mud 
pH was determined on a  1: 1 mixture of 
distilled water and soil. After adding the 
nitrophenol buffer, the mixture was  shaken  , 
until  a  stable pH reading was obtained, 
usually 20-30 minutes of shaking. A Hach 
pH meter (Model 43800-00) was used for 
pH measurements. 
Samples from adjacent (control) fields 
(without ponds) were sent for pH esti- 
mations and chemical  analysis to the 
Bvumbwe Agricultural  Research Station. 
Carbon  (OK, HCO;,  CO;)  and nitro- 
gen (%N. NO3-) fractions,  phosphorus, 
magnesium, calcium, sodium and po- 
tassium contents of  soils were analyzed 
following  standard  methods  (APHA 
1  989). 
Comparing OrganicalIy 
and Inorganlcally Fertilized Ponds 
With and  Without Liming 
FISH STOCI<ING  AND SAMPLING 
Oreochromis shiranus and 7iapia renda//j 
were stocked  in  200-m2 ponds as a  1:  1 
polyculture, at  a total density of 1.5  R~h.m-~. 
Initial individual stocking weights ranged 
from  1 1.2 to 20.0 g for 0.  shiranus and 
9.0 to 20.4 g for  T. rendalli. Ten per cent 
of  the  total fish stocked for each species  in 
each pond were sampled every two  weeks and their total lengths, standard lengths, 
and weights  were  measured. Specific growth 
rates, % mortality, and  yield parameters were 
calculated. 
FERTILIZATION AND LIMING TREATMENTS 
Three fertilization treatments were used: 
(1) diammonium phosphate (DAP) at 50 
1%-had applied in solution every two  weelts; 
(2)  maize stover compost (MSC) prepared 
anaerobically (Little and Muir 1987)  applied 
at 3%  estimated Fish  biomass.day-I:  and (3) 
DAP+MSC with or without liming  [basal 
application of a 60:40 combination of ag- 
ricultural  limestone and cooking fire ash 
(jamu 1990)  hand-mixed  in a plastic con- 
tainer and broadcast]. These six treatments 
were arranged in triplicate ponds in acom- 
pletely randomized design. 
WATER QUALITY 
Minimum and maximum temperatures 
were measured daily between 0800 and 
0900 hours. Dissolved  oxygen (DO), pH, 
Secchi disk visibility (SDV), total alkalinity 
(rng.1.' as  CaCO,), NH,,  PO,,  conductivity, 
and 48 hours water loss (mm)  were deter- 
mined weekly. Chlorophyll a was determined 
every two  weelts. All  measurements were 
done using standard methods and proce- 
dures (APHA 1989). 
STATISTICAL ANALYSES 
One-way ANOVA was used to  determine 
difFerences between treatments. Duncan's 
multiple range test (Zar 1984) was used 
to isolate differences  between treatment 
means. 
Results 
Lime Requirements and Nutrient Status 
of Pond Soils 
The nutrient status of  unexcavated soils 
at  the National Aquaculture Centre was very 
low: soils were strongly acidic (Table  1). 
Table  1. Chemical characteristics of  new pond soils at the National Aquaculture Centre, 
Dornasi. Malawi. 











*Based on threshold values for chemical data used for fertilizer recommendations in Malawi 
(Lupwayi 1990). Soil pH values for new pond soils were low 
(4.1-4.5) compared to  those of old ponds 
(5.1-6.2. Table 2). Lime requirements for 
new pond soils could not be determined 
using the lime requirement procedure of 
Boyd  (1  979) because soil pH values were 
below the minimum value of 4.7 for Boyd's 
procedure. 
Pond mud pHs were Very variable (Ta- 
ble 2) and this was reflected  in  the cal- 
culated lime requirements: zero to 3,970 
kg.  ha-'. 
Bets  of  Liming in Organidly 
and inorganicaIIy Fettilized Ponds 
WATER QUALITY 
Water quality parameters measured were 
within acceptable ranges for 0. shiranus 
and  rendallipond culture except for total 
alkalinity  which  remained  below  20 
mg. I-'  despite liming (Fig. 1).  Total alkalinity 
declined In all treatments. especially DAP- 




MSC - Lime 
- 
DAP - Lime 
I  \  r\  DAp - MSC - Lime 
Flg.  1. Total alkallnlty (rng.1-'  as CaCO,)  In  llrned (60:40  ash/lirne combination) and unlirned 200-m2ponds 
Fertilized with make stover compost  (MSC) at 3% mean body weightday"and diarnrnonium fertilizer (DAP) 
at 50  kg.hxl.2  weeks-'. Table  2.  Calculated  lime requirements  for  soils from  old ponds wlth various  histories 
at  the  National Aquaculture Centre.  Domasi, Malawi. Samples were  taken  from the 
shallowest point at the  pond inlet(s) and the  deepest  point at  pond outlet(s). 
Mud pH in 
nitrophenol  Lime 
Pond history  buffer  requirement 










D = Deepest part of pond near outlet 
5 = Shallow part of pond near pond inlet 
CLM  = Chicken layer mash 
CM  = Chicken manure 
MB  .=  Maize bran 
RB - Rice bran 
loss due to seepage and evaporation was 
high in  all  treatments (1  0-  1 50 rnrnaday-I). 
FISH PRODUCTION 
The lowest extrapolated Ash  production 
(276  kgha-'.year-')  was achieved in ponds 
where only MSC was applied (Table 3)  and 
this was significantly different  (k0.05)  from 
other  treatments.  Lime  applications 
significantly (k0.05)  increased extrapolated 
fish production to 434 kg,ha-'.year-'.  There 
were no significant differences among other 
treatments. The specific growth rate (SGR) 
OF  0.  shiranus was significantly  higher 
(k0.05)  in  the DAP-compost-lime treatment. 
No  significant differences  were observed 
among the mean weights and SGRs of  T. 
rendalli after  1 74 days. 
Dlscussloa 
There is need to derive calibration curves 
and liming tables For  the soils in Malawi 
that are too acidic For  the application of Table 3. Stocking and harvesting results  from  liming and fertilization  treatments  in ZOO-m2 ponds stocked with a 50:50 polyculture 
of Oreochromis shiranus (05) and  Tilapia  rendalfj (TR) after  growout for  174 days  (DAP  =  diammonic  phosphate; MSC =  maize 
stover  compost;  lime is  mixed agricultural  limestone and wood ash:  for  further  details.  see  text). Data in rows bearing the same 
suffix  letter  are not siginificantly  different (P<0.05). 
DAP-MSC- 
DAP  DAP-MSC  DAP-LIME  MSC-LIME  LlME  COMPOST 
Yield 





Total stocking wt 
(kg,pondl 




rate (%-day  ') 
Total number of 
fry from breeding 
(0s  c  TR) 
Total wt of fry 
(0s  + TR) 
Total wt of fry t 
fish (kg) 
Total extrapolated 
production (05  + TR) 
(1cg.ha ',year-') 
1.5.3  2. lab 
4.4a  6.2a 
434a  GIZa Boyd's (1  979) procedure. Malawian soils 
include those that are freely draining, acidic 
and/or leached of bases (latosols)  and shallow 
stony soils (lithosols) (Anon. 1979).  The wide 
range of lime requirements shown here for 
soils at  the  NAC may reflect similar situations 
elsewhere in the  country. High seepage  likely 
accounted for the inability to increase 
alkalinity levels, which never exceeded 20 
rng.1-I as  CaCO,.  Again here, computations 
based on methods developed using soils 
of the  southeastern USA were not applicable. 
Teichert-Coddington and Phelps (1  989)  also 
found that the lime requirement tables of 
Boyd (1  979)  may be inappropriate for tropical 
countries. 
The need For  liming was demonstrated 
by increases in fish production in MSC-lime 
ponds vs. MSC alone. Since the MSC treat- 
ments gave just as much fish production, 
liming may not be the only way of raising 
fish yields in low fertility pond waters. Other 
carbon sources may be important. Mandel 
and Boyd (1980) have shown that carbon 
could be limiting in certain aquaculture sys- 
tems. T.M. Williams (unpubl. data) has found 
that the  C:N ratio of  most pond soils in Malawi 
is  low (4.0-14.5). 
Low Fish production in DAP treatments 
here may have been compounded by 
the possible neutralization of alkalinity 
by acidity resulting from the Fertilizer, 
as  shown by Hunt and Boyd ( 198  1 ). This 
suggests that applications of ammonium 
fertilizers in waters with marginal pHs 
and alkalinity  should be done with 
caution. 
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Abstract 
Stock manipulation experlments were carrled out at the Natlonal Aquaculture Centre in Malawi 
to study the effects of biomass on stuntlng in two specles of tilapia,  Oreochromis shiranus and 
Tilapia rendalli (Cichlldae). 
There were no slgnlficant differences in  the individual growth performance of fish due to  dlfferent 
stock rnanipulatlon procedures (ANOVA; b0.05).  However, significantly different ylelds (ANOVA; 
P<0.05) were obtained from dlfferent stock manlpulatlon procedures: ponds left without removing 
any  fish produced significantly lower yields than all treatments whlch involved removal of flsh. 
The  optimum procedure,  considering cost and revenue implicatlons, was  to remove half of the 
recruits caught every 37 days. The implications of these results for small-holder farms are discussed. 
lntroductlon 
Tilapias (Oreochromis shiranus and 
Tilapia  rendalli,  Cichlidae) contribute 
most of the total biomass of fish har- 
vested from the ponds of  small-scale 
farmers in Malaw  I  (Mandeng 1988).  A 
mixed-sex culture system is practiced, 
and hence the  flsh breed prolifically and 
stunting often occurs (Balarin 1984; Pullin 
1985; Msiska 1987: Maluwa 1990). 
There are a  number of techniques 
which can be used to manage tilapia 
population size and structure: monosex 
culture, stocking at high density and 
use of predators (Guerrero 1982;  Mair 
and Little  1991  ). In  monosex culture, 
rnonosex fry can be obtained by  hand 
sexing, hybridization or through ster- 
oid hormones. Use of'predators involves 
stocking ponds  with predatory fish that 
"Current address: Universlty of Malawi, Animal 
Sclence Department, Bunda College of Agricul- 
ture. Box 219, Lilongwe. Malafii. 
eat surplus tilapia fry (Guerrero 1982). 
These techniques are usually expensive 
and/or require high management inputs 
and may therefore not be practicable 
for small-scale farmers in Malawi. Other 
methods for controlling overpopulation 
are: stock rnanipulatlon techniques, ir- 
radiation,  chemosterilants and  repro- 
duction inhibitors. These methods  require 
further research to  determine their po- 
tential for routine use (Guerrero 1982). 
Stock manipulation, usually in the  form 
of sequential harvesting, may be less 
expensive (where labor is  cheap) and 
requlre less management inputs than 
the other above-mentioned  methods, 
and may thus be useful to  small-scale 
fish farmers in Malawi. 
Sequential harvesting of tilapia was 
reported by van Someren and Whitehead 
(1  961). Two ponds were stocked with 
" Tilapia nigra"  ( Oreochrom/s sp/lurus 
niger) at the same stocking density. 
When the Fish  started breeding, the 
parent fish from pond A and the fry or fingerlings in pond B were removed by 
means of one  seine haul per month. This 
resulted in pond A having lower yields 
than pond B and "the larger of the fry 
in pond B never reached the size of the 
stocked fish due  to  overpopulation." Van 
Someren and Whitehead (1  96 1 ) there- 
fore suggested a  "skimming off"  pro- 
cedure for removing fry. 
This study follows up on van Someren's 
study, by considering the impact of alter- 
native harvesting schemes on: individual 
fish growth performance; overall fish biomass 
at harvest; and monetary returns. 
Materials and  Methods 
Studies were carried out in ten 200- 
mZ  ponds. The treatments were randomly 
assigned to the ponds (Fig.  1). 0. 
shjranus and Z  rendalliof 5.5k0.4 g mean 
body weight (MBWr  I  SD; range=4.8- 
6.22)  and 3.2+0.3  g (MBWk1 SD; range 
= 3.2-4.2,  respectively) were stocked 
at 2 fish.m2  at 1:  1 ratio. Stocking was 
done on 22  and 23 May 1990. 
The fish were fed with maize bran at 
2.5% of mean body weight (Kadongola 
1990) adjusted to account for growth 
every two weeks to 9 September 1990 
and every  month  thereafter.  Feed 
adjustment was stopped on 23 Octo- 
ber  1990 when the biomass 'became 
virtually constant because of the bal- 
ance between growth and mortality. 
Fish  sampling was done using a nylon 
seine net (1 5.5 m and 10 mm  mesh size) 
every two  weeks up to  4 September 1990; 
thereafter, it was conducted every month 
to reduce fish mortalities caused by han- 
dling stress. 
Initially, one  to  three hauls were made 
in each pond: from 21 August 1990 on 
to the end  OF the experiment. a constant 
sampling effort of three monthly hauls was 
applied. Caught fish were designated as 
"adults" (stocked fish) or "juveniles" (fish 
produced in  the pond); the latter were 
Further separated into species (T.  rendalli, 
0. shiranus) when their development al- 
lowed this. 
Approximately 94%  (range = 64-  100)  of 
the stocked fish  that were caught were 
weighed and measured (total and stand- 
ard lengths). For "juveniles", too numer- 
ous  to be measured individually, standard 
procedures (Okpanefe 1982; Sparre et  al. 
1989)  were used to obtain size frequency 
distributions. All Fish  were returned to  the 
ponds after weighing and measuring. At 
the end of the experiment, the ponds  were 
drained with a 50-hp water pump and all 
remaining Fish  collected by hand. 
Stock manipulations,  combined with 
sampling, started on  - 7 November  1990, 
132 days after stoclung. For treatments which 
involved returning fish to the ponds, the 
following procedure was followed: recruits 
caught in  three hauls were weighed; the 
largest recruits from all three hauls were 
selected, put on a balance in  decreasing 
order of size until half of the total sample 
weight was reached and returned to the 
pond after their individual weights and 
lengths were noted. The smaller Ash were 
discarded. 
Growth in length was  determined by 
estimating the parameters Laand  K  of 
the von Bertanlanffy growth equation, 
of  the form: 
where: 
L,  =  predicted length at age t: 
Lm  =  asymptotic length, i.e., the mean 
length the fish would reach  if they were 
allowed to grow indefinitely; 
K  =  rate (here in years) at which Lm 
Is  approached; and 
to  =  theoretical (and usually negative) 
"age" at length zero (the parameter to  is 
not further discussed here). 1 = no recruit removal 
2 = removal of half of recruits caught every month 
3 = removal of half of recruits caught every 2 months 
4 = removal of all  recruits caught every month 
5 = removal of  all  recruits caught every 2 months 
Fig.  1. Experimental layout (n'  = treatment no.: P - pond no.). 
The estimation of  Lm  and K was per- 
formed using the ELEFAN  I  program 
(Pauly and David 1981  ; Pauly 1987),  for 
fitting equation (1) to the length fre- 
quency (L/F) data, derived from the 
above-mentioned sequential samples. 
Given the inverse relationship between 
Lm  and K, comparisons of  growth per- 
Formance cannot be based solely on 
either Lm  or K.  Therefore the index: 
of Pauly and Munro (1984),  computed 
using the  software of Vakily {I  988),  was 
used For all comparisons of growth per- 
formance; the comparisons relied  on 
randomized block analysis of variance 
(ANOVA). 
Length-weight  relationships of the 
form: 
were estimated for both species  inves- 
tigated here, by taking logarithms on 
both sides, and Fittlng linear regressions 
to the log (weight) - log (length)  data 
pairs (Pauly 1984). 
The parameters a and b of equation 
(3)  were then used to  turn the  observed 
L/F  distribution into weight frequency 
distribution, and after adjusting for 
changing fish numbers, to  estimate fish 
blomasses in each pond. 
Total yields were obtained  from  the 
summation of total fish weight at harvest and 
total weight of recruits discarded over the 
experimental perlod. Recruitment was 
defined as  the  percentage of total welght 
of recruits (over  the  experimental period) 
to  total yield. Total yields and recruitment 
were analyzed by two-way ANOVA. 
To determine optimum stock manlpu- 
lation procedure, the "marginal" analysis 
concept was used (Panayotou 1982). 
Each  procedure was given a  score: 
removal of all recruits caught by three 
seine hauls every month, with seven 
removals from November 1990  to May 
1991 was  considered the  standard treat- 
ment with a score of  1. To determine scores for other stock manipulation  Y,  = total yield of Z  rendalli; 
procedures, the following formula was  P,  = selling price of  mixture of 7: renda/li 
used:  and  0.  shiranus  fingerlings 
(<I0  g):  and 
S = G*H/T  ...  4)  Y,  = total yield of fingerlings. 
The marginal revenue (MR) curve was 
where:  obtained from the  slope  of the total rev- 
S  =  score;  enue curve (Panayotou 1982), i.e., 
G  =  number of recruit removals in the 
treatment under consideration:  change in total revenue 
H  =  fraction of recruits removed at each  MR -  ...  7) 
removal  in  the treatment under  change in score 
consideration; and 
T  =  number of removals in the standard  Results and Dlscusslon 
treatment. 
The different stock manipulation pro- 
cedures implied different costs. The cost 
of  operation was the only variable cost 
considered when deriving that total cost 
curve. Another cost included was of labor 
used to operate the seine net, set at 
the  government rate of KO.28/h0ur.~  The 
marginal cost (MC) curve is  the slope 
of the total cost curve (Panayotou 1982): 
change in total cost 
MC -  ...  5) 
change in score 
The selling price for 0.  shiranus  was 
estimated from eight farmers' harvests 
at K3.94/kg (range = 1.63-4.40), while 
that For  7.  renda//i was calculated from 
harvests at K2.2 1  /kg (range  = 1.66-2.40); 
For  fingerlings (<I0  g),  the price was 
estimated from harvests at Kl .  1  1  /kg. 
Total revenue for each treatment was 
estimated following Panayotou (1  982), 
from: 
The estimated growth parameters are 
given in Tables 1 and 2, along with pub- 
llshed values. Results showed that 
growth performance was not affected 
by the stock manipulation procedures 
(ANOVA;  P<O.OS).  The  growth 
performance index of T. renda//i (mean 
r 1 SD= 2.4640.14: n= 10)  did not differ 
significantly from those compiled in Pauly 
et al. (1  988) (mean  + 1  =2.59+0.41: n=4). 
The growth performance index of 0. 
shiranus was lower (mean *  1=2.52+ 
0.07; n= 10)  than reported (3.08;  n=  I ) 
by Pauly et  al. ( 1988),  but the  differences 
may be due to the sample of  n=l for 
the latter value. 
The following length-weight  rela- 
tionships were obtained: 
W = 0.03(TL)2.B2 
for  T. rendalli; 
w = O.O~(TL)~.~~ 
for 0. shiranus;  ...9) 
Total revenue - Plyl+  P,Y,  + P,Y,  ...a 
W = 0.025(TL)2,83  for 
"unidentified recruits"  ...I 0)  where: 
P,  = selling price of 0.  shiranus;  Fig. 2 shows the increase of estimated 
Y,  = total yield of 0.  shiranus;  fish biomass.  Biomass increase stabi- 
P, 
= selling price of  T. renda//i;  lized after about 240 days either due 
to  limited space  or reduced reproduc- 
bKwacha 1  = US$0.22 (August 1993 rate).  tion due to high  Fish  density. This Table  1. Growth parameters for  mixed sex  Tllapla renddll. 
Treatment  Pond  Culture period  L*  K 
no."  no.  (days)  (TL, cm)  (year-')  4'  r  DF  F  Countyb 
1  46  303  30.9  0.45  2.63  0.027  11  0.31  MalaGi 
57  358  23.3  0.51  2.44  0.056  13  0.77  Malawi 
2  45  358  18.8  0.86  2.48  0.040  13  0.55  Malawi 
5  1  358  13.1  1.21  2.32  0.224  12  3.47  MalaGi 
3  43  358  16.5  1.03  2.45  0.114  14  1.81  Malawi 
54  358  43.9  0.20  2.59  0.006  13  0.07  MalaGi 
4  0.65  Malawi 
3  0.24  MalaGi 
3  0.04  MalaGi 




>60  13.1  3.785  2.81  Uganda 
"See Flg.  1. 
bResults  From MalaGi are from this study and were estimated according to Vakily (1  988); data from Zambia 
and Uganda are from Pauly et al. (1988). 
Table 2.  Growth parameters for  mixed sex  Oreochromls shlranus in Malaw in. 
Treatment  Pond  Culture period  Lm  K 
no.  (days)  (TL, cm)  (year.')  $ '  r  DF  F 
>60  11.0  9.87  3.08 
"As estimated using the approach and software of Vakily (1988):  except for lowest row, taken from Pauly et 
al. (1988). 
bl = no recruit removal 
2  = removal of halF of recrults caught every month 
3 = removal of half of recruits caught every 2  months 
4 = removal of all recrults caught every month 
5  = removal of all recruits caught every 2  months supports Moav et  al. (1  977)  who sug- 
gested that lower yields should be 
expected from the  ponds of  farmers who 
harvest fish after a year than from the 
ponds harvested intermittently. Maluwa 
(1990) found that most of  the 30 
Malawian farmers interviewed harvested 
fish after a  year. The present study 
suggests that these farmers could 
increase their yields by  intermittent 
harvesting. 
Total yields showed significant vari- 
ation due to location of ponds (block 
effect) and treatment (stock manipula- 
tion procedure). Ponds 43 to  47, rep- 
resenting one replicate for each treat- 
ment (Flg.  I), had hlgher yields than 
ponds 49 to  54 (ANOVA; Pc0.05). Similar 
results were obtained for recruitment. 
The 10  ponds in which the experiment 
was conducted had not been used be- 
fore: ponds 43 to  47  (Fig. 1  ) were ready 
earlier than ponds 49 to  54 because the 
latter had seepage problems. Age and 
seepage of  the ponds resulted in  the 
two blocks having different  levels of 
nutrition, which may have affected the 
results. 
Table 3 gives the mean ylelds from 
different treatments. The mean yields 
from all  ponds with Treatment  1  (no 
recruit removal) were lower than for all 
other treatments (Pc0.05),  whereas 
removal of half of recruits caught every 
two months (Treatment 3) produced the 
highest yields. 
The intersection of  the marginal cost 
and revenue curves (Fig. 3) suggest that 
the optimum "score" is located between 
treatments 3 and 2, i.e., at a  "sco.re" 
of 0.42. From equation (4),  it was esti- 
mated that the optimum manipulation 
procedure would be removal of half of 
recruits caught every 37 days. This result 
Days after stocking 
Fig.  2. Example  of changes of pond  flsh  biomass with the  here Illustrated  using Pond  No. 57,  of 
200 mz  (Treatment 1, see Flg.  1). Table 3.  DliTerences in means of percent recruitment for  tilapias in 
different ponds (for further details, see text). 
Treatment  no.* 
(in order  OF  increasing 
percent  recruitment)  1  4  2  5  3 
Percent  recruitment  45.  46.  S6b  57b  64b 
Yield (g)  3.870  7,540'  6,860'  7,450  8,225 
'See  Fig.  1. 
Values with the same letter are not slgnlflcantly dlfferent (differences 
tested by standard errors. Bailey 1981  ). 
o  Marginal revenue 
A  Average costs 
Score 
Fig. 3. Marglnal cost (MC) and marginal revenue (MR) curves showing location of optimum score (0.42). 
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Abstract 
In a 149-day grow-out experiment, we tested the effects of stocking density, partlal harvesting 
and Intermediate stocklng on net Fish yleld (NFY) and harvest slze of Nile tilapia (Oreochrom/s 
nilotlcus). Sex  reversed male tilapia were ralsed In 280-mZ  earthen ponds, which received 8 kg 
dry weight chicken rnanure,ha-'.day-' with urea and triple superphosphate  supplement to glve a 
total fertilization rate of 4.0 kg N.ha-'.day-' and 1.0 kg P.haml.day-'.  The Five treatments were three 
stocking densltles of 0.8,  1.6 and 2.4 fish-m-=,  fish stocked at 0.8 fl~h.m-~  with an addltlonal 0.8 
Fish.m-=  added after 2.5  months, and flsh stocked at  1.6 fish.mv2  wlth 50% of fish removed after 
2.5  months. 
Stocking density significantly  affected fish yield (rZ-0.57, P<O.Ot); extrapolated mean NFY In 
ponds stocked at 0.8,  1.6 and 2.4 fi~h,rn-~  were  14.2,  19.2 and 25.7  kg.ha-'.day-', respectively; 
mean weights were  335.  230 and 214 g.fish-I. respectively.  Mean NFY  For  the flrst 2.5  months 
exceeded 39.0 kg.ha-'.day-l in ponds stocked at 2.4  fl~h.m-~.  Partial stocklng gave slightly higher 
total NFYs than partlal harvesting, or 21.7 kgha-'.day-' compared to 18.0 kg.ha-l.day-'. Additional 
stocking did not slgnlflcantly affect fish growth of the originally stocked fish. Mean harvest weights 
of flsh stocked at 0.8  fl~h.m-~  were similar to the flrst stocked Fish  in the treatment receiving an 
additional 0.8 fish.m2  after 2.5 months. Results suggest a partial interrnedlate stocking and partial 
harvesting strategy may produce annual tllapla ylelds of 30 kg.ha.'.day-', with mean weights over 
300 g.fish.l,  Implications for managing ponds for higher yields at deslred mean fish weights are 
discussed. 
lntroductlon 
Manipulation of stocking densities is 
an established management considera- 
tion in pond aquaculture. Net fish yield 
(NFY)  tends to increase with increas- 
ing stocking density (Milstein et  al. 1988; 
Colman et al.  1990). Competition for 
natural food (Diana et al.  1991) and 
increased aggressive territorial behavior 
(Balarin and Haller 1982;  Fishelson 1983; 
Owusu-Frimpong 1987)  set llmlts to  this 
positive relationship. If either of  these 
two factors are related to Ash size, then 
yields may be increased by reducing com- 
petitive pressures by raising fish of two 
different size classes in the same  pond. 
The following experiment was de- 
signed to  test whether partial harvest- 
ing and/or intermittent stocking may 
affect NFY and/or size at final harvest 
of Nile tilapia ( Oreochromis niloticus)  . The objective was to  optimize NFY  and 
desired fish size through stocking and 
harvesting management strategies. 
Materials and Methods 
Research  presented  here was con- 
ducted at  the Ayutthaya Freshwater Fish- 
eries Center of the Royal Thai Govern- 
ment Department of Fisheries at Bang 
Sai (14'1  1 ' N,  100°30' W), located ap- 
proximately 60 km northwest of Bang- 
kok, Thailand. The area is characterized 
as  a tropical lowland, with average annual 
air temperature of 28°C and rainfall of 
1,370 mm (Egna et al.  1987).  The ex- 
periment was conducted in fifteen 280- 
m2  earthen ponds maintained at a depth 
of  about 0.95 m. Duration of grow-out 
was five months, from 24 April to 20 
September 1990. 
The experiment was designed to (1) 
determine effects of  initial  stocking 
density of  Nile tilapia on NFY  and fish 
size at harvest under conditions of  high 
fertilizer input and (2)  determine effects 
of additional stocking or partial harvest- 
ing on NFY  and fish growth. There were 
five treatments (Fig. 1). Three consisted 
of initial stocking densities of 0.8, 1.6 
and 2.4 fish.m-I, addressing the first 
question. To answer the second ques- 
tion, a fourth treatment with initial stock- 
ing OF 0.8 fish.m-' was stocked with an 
additional 0.8 fi~h.rn-~  after 2.5 months, 
while a fifth treatment began with 1.6 
fish~m-~  with half the fish randomly har- 
vested after the same period. These last 
two treatments together with the 0.8 
and 1.6  Fishem-' treatments gave a 2x2 
factorially designed experiment (Fig. 1  ). 
There were three replicates per treat- 
ment: treatment allocation to  ponds was 
completely random. Male  Nile tilapia 
with individual weight of about 10  g, 
sex  reversed  using  17a-methyl- 
testosterone (Buddle 1984),  were used 
for all stockings. All ponds were ferti- 
lized at a rate of 70 kg chicken manure 
dry wt.ha-'.week-',  with urea and phos- 
phorous (P) as  TSP  (45%  P,O,)  added to 
give  a  nitrogen  (N) input of 0.4 g 
N.m-z-day-'  and a  N:P  ratio of 4:1  by 
weight. 
Analysis of  variance (ANOVA) and 
regression analyses presented here were 
done according to Steele and Torrie 
( 1980)  using the Statgraphics 4 statistical 
software package. Means are  given with 
+ standard error (SE) in parentheses. 
Results 
Response to Initial 
Stocking Density 
The  relationship  between NFY  and 
initial  stocking density changed from 
the first 2.5 months of grow-out when 
compared to the last 2.5 months (Fig. 
2). Mean NFY  in  ponds stocked at 2.4 
fish.m-l was 39.4 (+5.8) kg.ha-'.day-l 
during the First 2.5 months, which was 
significantly greater (Pc0.05)  than 16.2 
(*I  .2) kg.ha-l.day-' and 20.9 (+3.1) 
kg.ha-'.day-'  observed in ponds stocked 
at 0.8 and 1.6 Fi~h.m-~,  respectively. NFYs 
for both 0.8 and 1.6 fi~ham-~  stocking 
densities varied very little between the 
first and second 2.5-month intervals, 
whereas in the 2.4 fi~hem-~  treatment, 
NFY  decreased by more than half to  an 
average rate of  1 7.7 (+3.5)  kg.ha-'.day7'. 
Over the entire 5-month grow-out pe- 
riod, NFY sharply increased with initial 
stocking density (Fig. 3). 
Fish weight after 2.5-month grow-out 
demonstrated no relationship with ini- 
tial  stocking density: treatment mean 
individual  weights averaged about 
150  g (Fig. 4). DiFferences were more 
noticeable aFter 5-month grow-out. Fish 
initially stocked at  0.8  fi~h.m-~  had mean 
harvest weights of  3 15.9 (k41.6)  g, whereas mean weights For  fish stocked 
at 1.6  and 2.4 fish.m-'were  quite similar 
at 209.1 (k43.9)  and 203.8 (k24.9)  g, 
respectively. 
Response to Change  In Density 
OF  all Five treatments, the additional 
stocking treatment gave the highest 
mean NFY  during the second 2.5-month 
growth interval (Fig. 2).  The average 5- 
month NFY  was 23.6 (t6.4)  kgha-'.dayi. 
Mean fish weights at harvest were 339.3 
(+39.9)  g For  the initially stocked fish 
and  129.7 (+ 18.2) g For  the addition- 
ally stocked Fish at 2.5 months (Fig. 4). 
The partial  harvest treatment gave 
NFYs  similar to 1.6 fish*m-=  during the 
first 2.5 months and similar to  0.8  fishvm-' 
during the second 2.5 months. The av- 
erage 5-month NFY  was 17.9 (h3.5) 
kg,ha-'.day-', in  between the NFYs 
Ex~erimental  dm 
Fish density (0-2.5  months) 
0.8 fishm2  l:6 f~sh~rn-~,~  2.4 fishm2  ,, 
1CondanT  ;;:t  -1 
0.a flsh,m2 
Additional  Constant 
Growth intervals (months) 
Fig. 1. Experlmental design for ex- 
amining the effects of inltial stock- 
ing  density, partial harvesting  and 
intermittent stocking on growth 
and yield of Nile tilapia  (Oreo- 
chromis nilaticus)  . 
Fig. 2. Relationship between mean net  yield 
(*SE)  of Nile  tilapia (Oreochromb  niloticus) 
and different densities. Treatment "0.8+0.SW 
indicates initial stocking denslty of 0,8 
fi5h.m-',  with an  additional 0.8  f1sh.m-' 
added aRer 2.5-month grow-out. Treatment 
" 1.6-0.8"  indicates stocking at 1.6 fi~h.rn-~, 
with 0.8 fi~h.rn-~  removed aker 2.5-month 
grow-out. Stocking density (fished 
Density (fishm2) 
Fig. 3. Relationship between inltlal 
stocking  density  and  NFY 
(kg-ha-'.day.l)  of Nile tilapia (Oreo- 
chromis nilotlcus) after 5-month grow- 
out. 
11s.  4.  ~e~ar~onsn~p 
between  mean  final 
weight  (tSE)  of Nile 
tilapla  (Oreochromis 
n/lotlcu~)  and different 
inltlal stocking densities. 
Treatment  "0.8+0.8" 
indlcates initial stocking 
denslty of 0.8 Ash.m2. 
with an additional 0.8 
Fish.rn.* added after 2.5- 
month  grow-out. Desig- 
nation "0.8+(0.8)"  rep- 
resents inltlally stocked 
fish only. Treatment " 1.6- 
0.8"  indlcates  initial 
-  stocking at 1.6 fi~h.m-~, 
with  0.8  fi~h,rn,~ 
removed after 2.5-month 
I  grow-out. 
observed for 0.8 and  1.6 fish.m-2 ini- 
tial stocking densities. Fish weight also 
reflected growth intermediate between 
the two stocking densities, with  final 
mean weight of  286.8 (+61.3)  g (Fig. 
4). 
By comparing Ash data from the 2x2 
Factorial treatments (Fig. I), it is possible 
to make several conclusions regarding 
the effects of  density changes on  growth 
and yield of tilapia: 
1. Adult tilapia grew better when 
density was reduced. Fish remaining in 
the partial harvest treatment (i.e., density 
of  0.8 Fish.rnm2)  grew during the second 
2.5-month  interval  at a  mean rate of 
15.2 (+3.5)  kgha-'.day-'.  This rate com- 
pares to mean NFYs  of  15.5 (rt2.6) 
kg.ha-'.day-'  and 10.3 (k2.7)  kg.ha2'.day-' 
for fish with constant densities of  0.8 
and 1.6 fish.m-',  respectively. Relatively 
slower individual fish growth when ini- 
tially  stocked at 1.6 fi~h.m-~  had no 
apparent effect on the ability of fish to 
increase their growth rate when  fish 
density was halved after 2.5 months. 
2.  Fingerlings  raised  with  other 
fingerlings grew at similar rates when raised with adults  (individual weight about 150 
g  or more) at same total  fish  density. 
Fingerlings additionally stocked (0.8 
fi~h,m-~)  at  2.5 months  grew  at 12.2 (t  1.3) 
I<g.ha-'.day-'  and after 2.5 months had an 
average weight of  129.7  (t  18.2) g. These 
data  are  similar to  growth measurements 
for Fingerlings stocked at  0.8 fish.m"Z  with 
other fingerlings  also stocked at 0.8  fishmd2 
(i.e., stocking density of  1.6 fi~h,m-~). 
During the first 2.5-month growth inter- 
val, fingerlings stocked with fingerlings 
gave  a mean NFY  of 10.54  1.6 I<g.ha-'-dayz' 
and a mean weight of 124.6.+ 16.1 g. There- 
Fore, the  size of  coexisting tilapia did not 
influence the  observed density effect on 
the  growth of tilapia Fingerlings. 
3.  Adults (individual weight about 150 
g or more) grow better with fingerlings 
than with other adults at  the same total 
fish density. The first stocked fish in  the 
additional stocking  treatment gave  a mean 
NFY  of  17.9 (+5.1) I<g.ha-'.day-' during 
the second 2.5-month interval and an 
average harvest weight of 339.3 (-+39.9) 
g. Even though there was an additional 
0.8 fi~h.m-~  in  the ponds, fish grew very 
similarly to  those in ponds with only 0.8 
fish.m-2  (NFY= 1 5.5t2.6  kg.ha-'.day-' and 
harvest weight of 3 15.9+41.6 g).  Adults 
stocked at 0.8 fish.m-bad  grown with 
other adults at 0.8  fi~hm-~  (i.e., 1.6  fi~h.m-~) 
grew at an average rate of  10.3 (_+2.7) 
I<g,ha-'.day2'  with  mean harvest weight 
of 209.1 1343.9)  g. 
Survival averaged 86.4% (range, 75.9- 
94.1  )  for all  treatments and stockings 
(n=  IS). 
The progressive increase in  NFY  with 
increasing initial stocking density found 
here was in agreement to  results reported 
by Milstein et al. (1  988)  for tilapia stocked 
between 0.15 and 0.9 fish.rn-'.  This was 
extended to  initial stocking densities up 
to 5  fish,m-'  in  a  short-term  tank 
investigation  (Colman et al.  1990). In 
contrast, Diana  et al.  (1  991) reported 
decreasing NFY  of  Nile tilapia as stock- 
ing densities increased from 1 to  3 fish.m-'. 
They Fertilized  ponds with only chicken 
manure at  a nitrogen loading rate of about 
20% of  that used in our investigation. As 
tilapia derive most  OF their nutrition from 
algae  (Colman  and  Edwards  1987; 
Schroeder et  al. 1990),  Food limitation at 
higher stocking densities suggested by 
Diana et  al. (1  991  ) was likely. In  our study, 
high inorganic nitrogen and phosphorous 
fertilization often resulted in afternoon dis- 
solved oxygen concentrations above 25 
rng.1-' and chlorophyll a concentrations 
above 300  With greater primary 
productivity, food constraints at higher 
stocking densities were not indicated. A 
subsequent study using the same high 
inputs and a stocking density of  3 fi~h.rn-~, 
however, gave  NFYs which were not sig- 
nificantly different from those obtained 
at  2.4 fi~h.m-~  in the first or second 2.5- 
month growth intervals (C.F. Ihud-Hansen, 
unpubl. data). 
It  is  unclear why fingerlings did not 
induce a density effect on  adult growth, 
whereas increased  adult and fingerling 
densities affected the growth and yield 
of other fingerlings. Two explanations may 
be  competition For  food and/or competition 
for space. As fertilization inputs were 
relatively high and ponds were quite green, 
it seems likely that adult fish  limited 
fingerling  growth  by  outcompeting 
fingerlings for phytoplankton. Differences 
in  size selection for zooplankton may 
explain why adult fish were unaRected 
by  coexisting fingerlings,  but does not 
answer  why  fingerling  growth  was 
negatively affected by adults. It is  more 
probable that territorial aggressive behavior 
noted among male tilapia  (Balarin and 
Haller  1982; Owusu-Frirnpong  1987) 
occurs only between Fish  of  similar size 
or greater. Fishelson  (1  983) observed among male tilapia a strong correlation 
between social rank and aggressive activity. 
Fish high up  on the hierarchy needed only 
to  swim by lesser Fish  to  maintain domi- 
nance. The great size differential between 
newly stocked and 2.5-month-old  fish (10 
g versus  150 g) should establish clear 
dominance by larger fish. Fingerlings would 
therefore be affected by adults, but not 
the reverse. 
Although intermittent harvesting alone 
did not increase fish yield, a conclusion 
supported by Moav et  al. (1977),  partial 
harvesting coupled with intermittent 
stocking may be a way to  balance the  trade- 
off  between high yield and smaller fish 
at higher stocking densities, and smaller 
yields but larger fish  at lower stocking 
densities.  The observation that adult growth 
was  unaffected by additional stocking of 
fry  suggests a  stocking and harvesting 
strategy where fingerlings are stocked 
every 10  weeks, and after 20 weeks  adults 
are harvested every 10 weeks (Table 1 ). 
By  stocking 0.8  fi~h.m-~  every 10 weeks 
in ponds Fertilized at  approximately 4 kg 
N.ha-'.day-',  hypothetical yields of about 
10,000  kgha-I-year-'  of  tilapia with mean 
weights exceeding 300 g may be  sustain- 
able. 
Table 2 summarizes different stocking 
strategies depending  on  the  desired size 
of  tilapia at  harvest. Estimated Fish  sizes 
and yields were extrapolated from data 
From  this study. Estimated  grow-out 
periods  assume stocking  of  fish  of 
approximately 5 to 10 g in  ponds ferti- 
lized with 4 kg N.ha-'.day-'  with sufficient 
phosphorous and carbon added to  maintain 
nitrogen limitation (Knud-Hansen et al. 
Table 1. Theoretical net fish yields of Nile tilapia (Oreochromis niloticus) with estimated mean weights 
of 325 g.flsh-' using an intermittent stocking and harvesting strategy and high fertilizer  input. 
Treatment/yield  Weeks 
0  10  20  3 0  40  50 
Stocking density 
(fish.m-') 
Net flsh yleld 
(kg,ha-'.day-') 
Harvest yleld 
Table 2. Summary  OF stocking strategies OF  Nile tilapia (Oreochromis ni/oticos) for obtaining desired 
fish  sizes and NFYs (ponds fertilized with 4 kg N-ha-'.day-l  and  1  kg P-ha-'-day-'). 
Mean Fish  Stocking  Grow-out  Estimated  Estlrnated 
weight  density  period  mean NFY  mean NFY 
(g,fish-')  (fish.m2)  (weeks)  (kg,ha.'.day.')  (kg,ha  '.year-I) 
125  0.8  8  15  5.500 
1.6  8  26  9.500 
2.4  8  3 9  14.000 
225  0.8  14  15  5,500 
1.6  26  18  6,500 
2.4  26  27  9,500 
325  0.8  2  1  15  5,500 
1.6  40  13  5.000 
2.4  50  2 0  7.000 
PH/ISa  20  3 0  1 1,000 
"Partial harvest/lntermittent stocking (see Table  1). I88  1 ; Knud-Hansen and Batterson 1994). 
To obtain average fish of 125 g or 225 g, 
the highest stocking density gave the  great- 
est  extrapolated  NFYs  of  14,000 
Irg.hxt.year-' and 9,500 kg,ha-',year-', 
respectively.  Although not tested, it  is 
likely that intermittent stocking and partial 
harvesting would give greater yields for 
the  larger Fish  size. To obtain fish ofabout 
325 g, the partial  harvesting and addi- 
tional stocking  strategy described in Table 
1  should give the highest NFY of about 
1 1 ,000 kg.  ha-'  .  year.'. 
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Abstract 
The year-round,  spontaneous and  continued reproduction of tilapia in captivity was lnltlally 
regarded as an unexpected asset for African aquaculture development, but it  was quickly found to 
be a serious handicap when farming the fish in ponds due to the resulting population. Various 
techniques have overcome this obstacle. 
The reproductive efficiency of tllapla has advantages and disadvantages for the supply of  fry to 
fish farmers. Among the advantages  Is the posslblllty for fish farmers to produce their own fry: 
among the dlsadvantages is the difficulty to control the broodstock quality. The low number of 
eggs in each spawning requires the use of a large number of broodstock and the asynchrony of 
spawnings makes the simultaneous production of large quantities of graded fry difficult. Finally. 
the control of undesirable reproduction in farming involves the use of rnonosex populations. 
These issues are analyzed and discussed in  relation to  development strategies, microeconomics 
and the Identification of  research themes that can be developed to improve the different options. 
The data for three species of tilapia (Oreochromis  niloticus, Sarotherodon melanotheron and Tilapid 
guineensis) are compared to the data for two species of African catfish of the family Clariidae 
(Clarias gariepinus and Heterobranchus longifilis) that require induced reproduction techniques. 
but are far more fertile. Introduction 
African aquaculture began approxi- 
mately 50 years ago  with tilapia as  the 
basic species.  The essential advantages 
of this fish were its spontaneous repro- 
duction in captivity, easy nursing and 
diet that is  both located at the begin- 
ning of the food chain and very flex- 
ible. The major disadvantage of tilapia 
was its very early sexual maturity in cap- 
tivity at  a size when it was often smal- 
ler than its marketable size. This early 
maturity very rapidly induces overpopu- 
lation and stunting during culture in 
ponds (the infrastructure mainly used 
in African aquaculture). 
Various studies in the 1970s, on the 
African continent and elsewhere, con- 
tributed to  the improved control of  the 
disadvantages of farming tilapia in closed 
structures (monosexing and mixed-sex 
farming with predators) and the devel- 
opment of farming in  open structures 
(cages  and pens). Furthermore, control 
of the biological cycle of other species 
with aquaculture potential (particularly 
catFish) has been achieved. 
The major species of tilapia studied 
in this paper are Oreochromis  niloticus, 
Sarotherodon melanotheron, and Tila - 
pia  guineensis-covering  the  three gen- 
era of the tilapia group-and  Clarias 
gariepin  us and Heterobranch  us Iongi- 
filis, two African  catfish of the family 
Clariidae, whose aquaculture potential 
was  demonstrated more recently. First, 
the reproductive biology and spawning 
induction methods in captivity for the 
two  groups  of species  will be  compared. 
The economic  and social impact of  these 
different technical and biological char- 
acteristics on the  development of tilapia 
and clariid farming is then analyzed. 
Blologlcal Data Relating to the 
Reproduction of Some 
Tllapla and Catfish 
The comparative status  of tilapia and 
catfish  reproduction is  given in  Table 
1. 
Age at First Sexual Maturation 
Age and size at first sexual matura- 
tion vary depending on the  environment 
of the fish. Among  the  five species stud- 
ied, sexual maturity occurs earlier and 
at a smaller size in  culture conditions 
than in the natural environment. 
For 0. niloticus, first sexual matura- 
tion generally occurs at  about age  two 
or three years in  optimal conditions in 
the natural environment (lakes),  whereas 
in unfavorable conditions-like  captivity 
in  small ponds-reproduction  can oc- 
cur from the  age  of  three months (McBay 
186  1 ; Ruwet et  al. 1976).  For 5.  melano- 
theron and T. guineensis reared in la- 
goon pens, first sexual maturation oc- 
curs at six to  eight months (50 g)  and 
at  seven to  nine months (60  g),  respec- 
tively. In the natural environment (Ebrii 
Lagoon, Cate d'lvoire), the weight at 
First maturation of these two  species is 
higher ( 130  and 80 g, respectively) for 
fish of undetermined age  (Legendre  et 
al. 1990). 
For  C.  gariepinus, sexual maturity 
occurs at  about two  years of age  in the 
natural environment (Richter 1976).  In 
culture conditions, maturity is reached 
at  about eight to 10  months (Pham 1975) 
or five to seven months (Legendre et 
al. 1992),  at a weight of  100-200 g. 
For H.  longifilis, sexual maturity oc- 
curs at the age of  12-14 months and 
at  a weight varying from 300 to 1,500  g Table 1. Comparative reproductive characteristics of tllapia and catfish: biological data and constraints 
(ONI. Oreochromis nilotlcus; SME, Sarotherodon melanotheron: CGA. Clarias gariepinus; and HLO, 
Heterobranchus longifills)  . 















Spontaneous spawning in  Spawning induction required; 
captivity; 350-3.500  60.000-80,000 eggs/kg of 9 
egg+?  (ONI) 
2  (SME) to 6 (ONI) weeks  6-8 weeks (CGA) 
4-8  weeks (HLO) 
Sex  ratlo management  Choice of mature broodstock 
Stocking density  (blopsy and examination of the 
genital papilla) 
Individual weights of 9 and 0'  Hormonal induction of ovulation 
Duration of spawning/  Artificial fertilization incubation 
replacement of broodstock  of the eggs 
Approx. every 18  months  CGA  (?),  HLO (> 6 years) 
Size at final spawning  Size at Final spawning 2 
< marketable size  marketable size 
(CGA, 200 g: HLO, 300-1,500 g) 
CGA: d>Q 
HLO: d=  9 
Quality  of strains 
Hybrid fertility < intraspccific  Hybridization CGA x  HLO is possible 
fertility 
No larval culture for Oreo-  Larval culture required for CGA 
chromis and Sarotherodon  and HLO 
spp.;  brief larval phase for 
Tilapia spp. 
Production planning  Induction of ovulation 
Large number of broodstock  Artificial fertilizatlon and larval 
Asynchronous spawnlng  culture are needed 
(hence large areas requlred) 
depending  on  culture  conditions 
(Legendre et al.  1992). In  the natural 
environment, first sexual maturation is 
thought to occur at two years of  age 
(Motwani 1970). 
Fertility 
In  tilapias, as in other fish, absolute 
fecundity increases with the size of the 
females. In 0. niloticus, the minimal ab- 
solute fecundity observed is  340 ova 
for a  26-g female and the maximum 
fecundity is  3,500 ova for a 550-g  fe- 
male (Melard 1986).  In S. melanotheron, 
the mean absolute fecundity (in pens) 
is 450  eggs for a 100-g female, 700  eggs 
for a 200-g female and 1,000  eggs  for 
a 300-g female (Legendre  et  al. 1990). 
For similar weights, fecundity is 4,000, 8,000 and 12,000 eggs, respectively, 
per female of  T. guineensis  reared  in 
pens (Legendre et  al. 1990). 
In  contrast, relative fecundity (ex- 
pressed as  the number of fertilized eggs 
or fry produced per kilogram of female) 
varies inversely with  the mean body 
weight of  the Female tilapia. This im- 
plies that in  0. nilotjcus, large num- 
bers of small Females of approximately 
100-  150  g must be kept in order to en- 
sure a maximal Fry  production with the 
same biomass of  broodstock (Melard 
1  986). 
In  the clariid species studied here, the 
average relative fecundity recorded per 
ltilogram of  female varied little with in- 
dividual weight. In  C.  gariepinus, abso- 
lute Fecundity was 39,000  eggs for a 500-g 
female, 8 1,000 eggs for a  l -kg female 
and  132,600 eggs for a  1.5-kg Female, 
which is approximately 80,000 eggs per 
kg of female (Hogendoorn 1983). 
In  H.  /ongi17lis, Fecundity is maximal 
in the rainy season. It averages 130,000 
eggs for a 2-kg female and 344,000  eggs 
for a 4-kg female (Legendre 1986).  High 
seasonal variations in  fecundity are ob- 
served: 28,000 eggs per kg of  female 
in the dry season and 68,000 eggs per 
kg of  Female in the rainy season. 
Spa wning Frequency 
In  tilapias, spawning frequency and 
the quantity OF fry produced are directly 
correlated, and it seems more logical 
to consider mean values during a given 
spawning period than the results for sin- 
gle spawnings.  In  optimal conditions 
and at a temperature of 25-2X°C, a fe- 
male of 0. niloticus can spawn every 
30-40 days (Ruwet et al. 1976),  but a 
very high individual  variability is  ob- 
served (Mires 1982).  Thus, according 
to  this author, the spawning frequency 
in aquarium of a female OF 0. niloficus 
of 400-500 g  mean body weight var- 
ied from 23 to 50  days with very great 
variability  in  the  total  number  of 
spawnings obtained (from two to  seven) 
during the observation  period  (1  1 
months). 
In  S. melanotheron and 7.  guineen- 
sis, the mean spawning frequency ob- 
served in  4-m2  concrete tanks (sex ra- 
tio 1 :  1) is significantly higher, with an 
interval between two spawnings of  two 
weelts and  three weeks, respectively 
(Legendre et al. 1990). 
In  general, spawning within a popu- 
lation of tilapia broodstock (of the same 
age, size and stage of sexual maturity) 
is  irregular  and asynchronous for the 
various females. 
In  optimal farming conditions of  C. 
gariepinus (correct feed, temperature, 
quality and water renewal), the rnini- 
ma1 frequency of repeated induction of 
ovulation by hormone treatment of the 
same female is approximately six to  eight 
weelts without loss of fecundity per single 
spawning (Hogendoorn 1983). 
In  H. Iongifilis, the spawning frequency 
of  Females  treated with  HCG  is  two 
months  without  loss  of  fecundity 
(Legendre 1986)  and could certainly be 
higher  (one month; Z. OtCrne,  pers. 
comm.). 
Control of  Reproduction 
Hormonal  induction of  spawning is 
not practiced  in  tilapias, but rigorous 
management of broodstock is necessary 
for the mass production of eggs and fry. 
Thus,  in  0. niloticus, the best results 
can be obtained with the following cul- 
ture conditions and techniques:  -  separation of the sexes before plac- 
ing broodstock in  reproduction struc- 
tures (ponds, hapas and concrete tanks) 
for more rapid and regular fry produc- 
tion (Guerrero 1987;  Parrel et  al. 1990); 
-  more frequent replacements of 
broodstock: every 2 1  days in hapas ac- cording to Lovshin and lbrahim (1987). 
which increases egg  and fry production 
by approximately 160h: and 
stocking densities of 0.7 brood- 
fi~hm-~  in 400-mZ  ponds (Lazard 1984) 
or 4-5 broodstocl~~m-Z  in hapas (Bautista 
1987: Guerrero 1987)  and optimal sex 
ratios (Q:d  ) generally of about 3: I. 
It should be noted that for S. meiano- 
theron, in which mouthbrooding of the 
eggs is  done by the male, the optimal 
sex ratio is  1  :  1. 
Reproduction with no hormonal  in- 
duction of  ovulation is  possible in  C. 
gariepinus and H. longifilis, but gives 
poor results in terms of the number of 
eggs and fry  produced. Thus, in  C. 
gariepinus, natural reproduction in ponds 
where a flood is  simulated (by filling 
the pond in  one day) leads to a pro- 
duction of  approximately  145 fry  per 
100 mZ,  1.5  months after stocking with 
sexually mature broodstock. 
The best results for C. gariepinus are 
obtained by induction of ovulation with 
different types of hormones: HCG,  pi- 
tuitary carp extracts and LH-RHa  with 
pimozide. In  H. longifilis, HCG gives a 
100% induction response. 
Rene will of Broodstock 
The most productive period for tilapia 
broodstock  is  the First  18 months of 
sexual activity (Rana 1988). after which 
it is recommended that the broodstoclc 
be renewed. 
In  contrast, no decrease in  fecundity 
seems to have been found among the 
catfish in  the experiments conducted 
so  far on each species studied here. For 
C. gariepjnus, no recommendation con- 
cerning the appropriate age at which 
to  renew the broodstoclc seems to  have 
been made and for  H.  longifiiis, no 
decrease in  relative fecundity has been 
observed up to the age of six years (6 
kg mean body weight). 
Maturation and Marketable Size; 
Sexual Dimorphism in Growth 
Among the main species of  tilapia used 
in aquaculture, sexual maturity occurs 
well before marketable size is attained. 
In addition, sexual dimorphism in  growth 
dimorphism in  favor of males (the  pre- 
cise cause of which is still unknown) is 
observed in all tilapias: hence, the dif- 
ferent methods used to  produce all-male 
populations (mainly hormone treatments 
and interspecific hybridization). 
For H. longifiiis,  no significant differ- 
ence between male and female growth 
has been shown (Legendre et  al. 1992). 
In contrast, a significant growth dimor- 
phism in  favor of  males was observed 
in  C.  gariepinus (Henken et at.  1987). 
After  307 days of culture in  concrete 
tanks, Legendre et  al. ( 1992)  reported 
a mean body weight for H.  longifilisof 
700  g  for females and 680 g for males,. 
and for C.  gariepinus, of 260 g  for fe- 
males and 450 g for males. 
The production of  Oreochromis hy- 
brids has been going on for 30 years 
and by  the  1970s. it  was produced 
commercially (initially in Israel, then sub- 
sequently in many other countries). The 
goal of hybridization is generally two- 
fold: inheriting suitable parental qualities 
(growth,  cold  resistance,  better 
catchability, mesentery coloration, etc.) 
and obtaining a high percentage of males. 
The use of these interspecific crosses 
has always been faced with problems 
of low fertility compared to  intraspecific 
crosses (Rothbard et  al. 1983) and the 
need to  maintain pure broodstock lines 
to  produce progenies that are near 1 00% 
male. Increased Fry  production has been 
achieved by selecting parental strains 
(Hulata et  al. 1985)  or by using F, hybrids 
as  broodstock,  then  applying  a masculinizing  hormone treatment to 
progenies (Rothbard et  al. 1983). 
Hybridization is also possible in the 
Clariidae using in  vitro fertilization 
(Legendre et al.  1992). The hybrid H. 
Iongifilis x C. gariepin  us shows  growth 
equal to  or greater than (depending  on 
environmental conditions) that of the 
best performing parent (H,  longifilis). 
The sex ratio of the hybrids is  balanced: 
they are fertile, but gametogenesis is 
relatively  poor, and male and female 
growth is  equivalent. In contrast to  the 
use of H. longifilis, the aquaculture po- 
tential  of  such hybrids remains to be 
seen (resistance  to  certain environmental 
conditions and pathogens, etc.). 
Size of  Eggs  and Larval Culture 
The eggs of Oreochromis and Sarothe- 
rodon are clearly larger (2.5-4.5 mm) 
than those of Tilapia (1.5-2.0 mm)  and 
Clariidae,  C.  gariepinus and H.  longi- 
filis (1.5  mm). 
This has a direct impact on the nurs- 
ing period: following resorption of the 
yolksac, at  the  start of their trophic phase 
(20  mg  approximately), Oreochromis and 
Sarotherodon already exhibit the defini- 
tive adult morphology; they are robust 
and their food requirements are easily 
met. 
Conversely, clariid larvae, whose 
weight is  approximately 1.8 mg at  the 
start of the trophic phase, require a 
specific  feed and particular culture con- 
ditions. 
Tilapias of  the  genus Tilapia that have 
a brief larval period represent an inter- 
mediate situation, with the possibility 
of  high mortality during First  feeding 
(observations on T guineensis; Legendre 
et  al. 1990). 
Biotechnical Data on Fry 
and Flngerling Production 
in Tilapia and Catflsh 
Infrastructure Used: Technical 
and Biological Constraints 
At the start of  African  aquaculture 
development,  the same  ponds were used 
for all phases of production: reproduc- 
tion, nursing and grow-out (farming in 
mixed-age classes). Results were poor 
(overpopulation, competition For  food 
and cannibalism) for all three phases, 
and the number of  fry  harvested was 
low-between  0.5  and  1.2 
individuals~m~z~month-'-with  a  great 
heterogeneity in size. Furthermore, with 
this system, it was not possible to dis- 
tinguish between recently hatched hy 
and small-sized fish afflicted by stunt- 
ing and reproducing early (neoteny). 
Two techniques that are  more recent 
and more efficient  will  be brieFly  de- 
scribed here: First, the production of fry 
in ponds, which is the most widespread 
technique and apparently the method 
best adapted to  Africa, and second, the 
production of fry in hapas or small cages, 
a technique widespread in Asia and po- 
tentially suitable for many African situ- 
ations since it requires little capital and 
surface area. 
In Ponds. The numerous attempts these 
last few years to produce 0. niloticus 
fry have led to  the recommendation for 
pond production of the  major methods 
summarized in Table 2. 
Concerning broodstock conditioning 
and management, broodstock are  given 
a break from sexual activity and recon- 
ditioned for their next spawning by Table  2. Biotechnlcal  data  on the  production  of  Oreochromis niloticus fry  in  ponds  of various 
sizes  (RB,  rice  bran:  PC.  peanut  cake;  and  FM,  Fishmeal). 
Pond  surface  area  (m2)  4,500  3 50  200 
Broodstock density  (in~i,m-~)  0.16  0.7  4 
Mean weight of  broodstock  (g)  62-356  100  (9) 
240 (6) 
Sex  ratio (6:P)  3:  1  3: i  3:  1 
Duration  of  culture  (days)  250  120  45-60 
First  harvest of  fry 
(days  after  stocking) 
Harvest intervals 
(days) 
No. of fry  produced 
(ind-m-z.month.') 
Mean weight  of  fry 
produced 
15'  6  tirnes/day  at  2-hour 
intervals  starting  at 
0700" 
organic  50% RB +  organic  fertilization 
and  mlneral  50%  PC  + RB  (75%) 
Fertilization  + FM  (25%) 
a  few  mg 
to 0.1 g 
Reference  Broussard et  al.  (1983)  Lazard  (1984)  Guerrero  ( 1987) 
*Using  seine nets. 
"Using  small-mesh  handnets. 
separation of  the sexes and the use of 
a high-protein  Feed  at the rate of  4% 
of  body weightday-'.  This reconditioning 
lasts for one to two weeks (after three 
to four weeks of  reproductive sexual 
activity in ponds of  300-500 m2  accord- 
ing to Guerrero [1985]), or for a pe- 
riod  equal to the period  of  reproduc- 
tion [four months in  350-m2  ponds ac- 
cording to P.  Parrel  (pers. comrn.)]. 
According to Guerrero (1  987),  the fe- 
male broodstock must be slightly larger 
than  the  male  (by 20-30  g) For 
broodstock weighing from  100 to 200 
g. Lazard  (1984) uses males that are 
larger than the females (240  versus I00 
g) and Parrel et al. (1  990) recommend 
mean  broodstock body weights greater 
than 200 g. For  broodstocl<s  of  50- 100 g 
reproducing in  small ponds, Guerrero 
(1  987) recommends replacement when 
250-350 g mean body weight is reached. 
Nursing in  ponds, starting with fry of 
0.5-1 g, is done up  to a weight of  5 g 
at a density of 25 individual~.m-~  over 
60 days with a compound feed that is 
20% fishmeal. 
The nursing of  fry with a body weight 
lower than 0.1 g is done in  hapas at a 
density of  500-1  ,000.m-2  over one to 
two weeks, then in  ponds at a density 
OF 200-400.m-Z  over two to four weeks, 
depending on the final size desired. 
in Hapas. The production of  fry with 
a mean  body weight ranging from 60 
to SO g in  small cages or hapas is gen- 
erally  done at a density of  4  brood- 
st~clc.m-~,  with a sex ratio  OF 3:  1. The 
frequency of fry harvests varies: daily, 
with the first beginning 10- 12 days af- 
ter the stocking of  broodstocks (Guerrero 
1 %7),  or at intervals of  1 5-2 1 days with 
all  fry  harvested (Bautista 1987). Pro- 
duction  in hapas has  ranged  from  10 to 15 fry.m-z.day-',  regardless of  har- 
vest frequency. The duration of  the pro- 
duction cycle  in  hapas can  vary  from 
30 days (Guerrero 1987)  to 1 1 months 
(Bautista  1987). The  feed  is  75% rice 
bran and 25% fish meal, distributed at 
a rate of  3% of  broodstock biomass per 
day in  two distributions. 
The first nursing phase is done in  hapas 
over three weeks (a density of  1 ,OOO*m.Z 
for the first week and up to 250.m-2  for 
the third week), with  a feed  contain- 
ing 10%  fishrneal and 40% copra cake, 
up to a size of 0.5-  1 g (Guerrero 1987). 
The grow-out phase that follows is gen- 
erally done in  ponds. 
CATFISH 
Captive  breeding  methods For  C. 
gariepinus have already been substan- 
tially described (Hogendoorn 1983). 
H. /on@filis spawns year-round in  la- 
goons, based on broodstoclc fish in pens 
(1 indi~idual.m-~)  (Legendre 1986).  The 
weight of the broodstoclc used is from 
3 to 5 kg. After hormonal injection (HCG), 
artificial  Fertilization  takes place  in  a 
hatchery and the average egg produc- 
tion is 68,000~kg-'  of  Female in the rainy 
season and 28,000.kg-' in  the dry sea- 
son. A male, killed for the purpose, can 
fertilize approximately 600,000 eggs. 
An  average 75% of  normal  larvae are 
recovered after hatching, with a mean 
body  weight  of  1.8 mg after yolksac 
resorption. 
In  the hatchery, larvae receiving an 
Artemia-based  feed develop after two 
weelts into fry with a mean body weight 
ranging from  150 to 300 mg and an 
average 65%  survival rate (Legendre et 
al. 1991). 
In  1 -m3  small-mesh cages (0.6 mm) 
placed in limed ponds (Legendre et al. 
1991  ), 2-mg larvae reach between  100 
and 300 mg after two weeks (natural 
feed the first week, followed by  a troutlet 
feed the second  week). Stocking den- 
sities per  cage range  from  2,000 to 
15,000 larvae,  or  from  2,000 to 
1 5,000.m-z.  After two weelts, the sur- 
vival rate in  cages is approximately 25% 
(between 1 and 50%).  Fry  are then placed 
in a nursing pond at a density of  1 5.mTZ. 
Using an artificial  feed of  35-40% pro- 
tein, fry  reach a mean body weight of 
30-50 g  after 2.5 months with a mean 
survival rate of  approximately 60%. 
Extent of  Facilltles Required for Fry 
and Fingerling Production 
If the annual production  target is  1 
million fry or fingerlings, what are the 
necessary resources in  terms of  infra- 
structure or broodstoclc  for each spe- 
cies studied? 
TILAPIAS 
In  Ponds.  Production of fry of 0.5- 
I  g. Using the "semi-intensive" method 
to produce 0. niloticus fry  described 
in  Table  1  (Lazard  1984). the annual 
production of  1  million  fry of  0.5-1 g 
requires 0.35 ha of  ponds of  300-400 mZ 
and 1,550 broodstock (based on a 10- 
month culture period per year);  but, to 
allow for periods of  sexual inactivity, 
approximately double their number of 
broodstock (1  00-300 g)  are required to 
ensure continued Fry  production. 
Production of  5-g fingerlings. To pro- 
duce 5-g fingerlings, the required ad- 
ditional pond surface area is approxi- 
mately 0.4 ha to account For  rotations, 
based  on  a  stocking density of  60 
individ~als.m-~  and a 70% survival rate. 
That rate corresponds to the nursing of 
1 .4 million  fry. 
Production of  30-g  fingerlings. In  this 
case, the required additional pond sur- 
face area  is  approximately  1 .Z ha  to account for  rotations,  based  on 260 
indi~iduals.m-~,  a 90% survival rate and 
an average cycle duration of 60 days. 
In  Hapas. In  hapas, the production 
of  1 million 0. niloticus fry of  0.5-  1 g 
requires: 
350 mZ  of reproduction hapas and 
100 mZ  for conditioning the broodstock 
and 
200 m2  of nursing hapas (SOO.m-Z, 
70% survival rate). 
This production requires the perma- 
nent maintenance of  1,500 reproduc- 
tive broodfishes, ranging in mean body 
weight from 60 to 80 g and the main- 
tenance of  a resting broodstock (50% 
of  reproduction time, i.e., 700 brood- 
stock). A total of 2,200 broodstock must 
be maintained. 
CATFISH 
The methods necessary to produce 1 
million fingerlings of  H, longifilis are 
as followsa. 
A  3-kg Female produces an average 
of  144,000  eggs per spawning per year, 
considering the seasonal variations in 
fertility. This resulrs in  the hatching of 
approximately 100,000 larvae. 
In  one scenario (Case  1) of  nursing 
in a hatchery with an Artemia-based feed, 
65,000 Fry  are obtained after two weeks 
in a trough (approximately 10,000 lar- 
vae per 2x0.5-m  trough). 
In a second scenario (Case 2) of nursing 
in cages immersed in ponds with natural 
feed and the distribution of a compound 
feed,  25,000 fry are obtained after two 
weeks with an initial stock of approxi- 
mately 6,000-8,000 larvae per  1 -m3 
cage. 
The nursing in  ponds of  Fry  weigh- 
ing 150-300 mg  at a density of  15.m" 
'Data  extrapolated from  results  obtained  in  ex- 
perimental  stations. 
leads, after 2.5 months. to  the production 
of 39.000 fingerlings (mean body weight: 
30-50 g)  in Case 1 and 1  5,000  fingerlings 
in Case 2. 
Assuming a  frequency of  10 repro- 
ductions per year: 
- Case 1  requires the use of three fe- 
males and one male per cycle, 30 lar- 
val culture troughs and 1.3  ha of ponds 
to produce the fingerlings; and 
-  Case 2  requires the use of  seven 
females and one  male per cycle, 70 larval 
culture cages immersed in seven 500- 
mZ  ponds and 1.3 ha of ponds to  pro- 
duce the fingerlings. 
Whichever alternative is chosen, it is 
recommended to keep a  permanent 
minimum  stock of  approximately 50 
broodfish  (mixed sexes), at a density 
of 1  indi~idual.rn-~  in pens (requiring a 
penned surface area of 50 m2),  to  sustain 
the genetic variability of the species. 
An  experiment on C.  gariepinus fry 
production at the La  Landjia Station in 
the Central African  Republic (CAR) 
(Janssen 1984) suggested, in addition 
to the use of  a hatchery, the need for 
17  ponds  of  400 m2 to produce 
1,200,000 Fry  of  1-2 g per year in six 
cycles. The number of 500 g broodstock 
permanently in the ponds would be 400 
per  I.  m-=. 
Economlc Data 
For comparability, only costs for the 
African continent will  be given here. 
Production Costs of  Tiiapia Fry 
and /uveniles 
The costs given here (Table 3) were 
obtained From full-scale experiments in 
ponds in  Niger (Sona nursery station; 
34  ponds of 350  rn2 and a pumped water 
supply) and in  small floating nursing 
cages immersed in  the Niger river. 
Table 3 indicates: Table  3.  Economic data on the production of  Oreochromls niloticus fry  (0.5-1 g), juveniles  (5 g) 
and fingerlings  (30 g) in different production systems  in Niger (Parrel et al,  1990). 
Infrastructure 
Earthen  ponds  (Sona  Earthen  ponds (0.4 ha)  Floating cages (5 m3) 
nursery)  3 cycles.year-'  3 cycles.year-' 
3.120.000 fryyear-'  520,000  fingerl1ngs.year.l"  7,200 fingerlings.year-I 
Flxed expenses*  10,200,000  13,800 
Variable expenses'  3,250.000  144,000 
Total expenses'  13,450,000  4,950,O0Ob  157,800 
Unit price/ 
Fish'  4.3  9.5  21.9 
'In  F CFA  1990 (US$l  .00=250-300 F CFA). 
"In the context of a  private farm  (no depreciation). 
blncluding profit margin, 
a cost price (production cost)  for 
0.5-1  g 0. niloticus fry of 4.3 F  CFAb 
(3.67  F  CFA without depreciation); 
a cost price For  5 g 0. niloticus 
fry of  6.5 F CPA (without depreciation 
of  the ponds; 7.5-8 F  CFA  including 
depreciation); and 
a cost price for 20-25 g 0.  nilotlcus 
fingerlings produced in cages of  22 F 
CFA (48  F CFA per male Fingerling; sex 
ratio = 45% 6);  in ponds, the produc- 
tion cost of the  male fingerlings would 
be 45 F  CFA  without depreciation (53 
F CFA with depreciation) according to 
Parrel et  al. (1  986). 
Producf/on Costs of  Catfish Fry and 
juveniles 
Production costs for  C.  gariepinus 
fingerlings produced in CAR in 1984  were 
as follows (Table 4): 
for a  1-g fingerling produced in 
a  hatchery: 9.7 F CFA  with deprecia- 
tion and 6.7 F  CFA  without deprecia- 
tion; and 
for a 1 to  3-g fingerling produced 
in a hatchery, then nursed in ponds: 8.2 
F CFA with depreciation and 5.15  F CFA 
without depreciation. 
bUS$l  -250-300  F  CFA  until  1 January 1994; 
US$l=6OO F CFA in 1996. 
The production cost for H. Iongifilis 
fry  (150 mg) in  a  hatchery (fed with 
Artemia and trout feed) is  4-6  F  CFA 
per fingerling.  In  cages immersed in 
ponds, this cost is  3.6  F  CFA  (with a 
20% survival rate) and 1.7 F  CFA (with 
a 50% survival rate). The production cost 
of H. longifilis fingerlings (60%  survival 
rate) is  41 F  CFA  per fingerling (45 g 
mean body weight). For the latter spe- 
cies, costs were calculated under ex- 
perimental conditions without consid- 
ering the investment depreciation (Barros 
1990). 
The comparative status of tilapia and 
catfish production costs is given in Ta- 
ble 5. 
Fry Production of  Aquaculture 
and Development 
General Operation 
Fry intended For fattening after grow- 
out by artisanal fish farmers  may come 
from three sources (Lazard et al. 1991). 
Option  1: from the farm itself 
(backyard hatchery)<  or from neighboring 
"In  this  case,  10-20% of the total surface  area 
used  for  aquaculture  must  be  devoted  to 0. 
nlloticus fry  and fingerling  production (20-30 g 
required size for  manual sexing;  Lazard  1984). Table 4.  Economic data on  the  production of six-day-old  Clarias gariepinus fry  In the Central 
African  Republic  (Janssen 1984). 
Items  ~-~ 
Hatchery 




Hatchery + earthen ponds 
Spawning + start  (6 days) 
1,242,000 unitsyear.' 
Fixed expenses*  5,330,000 
Variable expenses'  6,740,000 
Total expenses'  12,070.000 
Unit price/ 
fish'  9.7  8.2 
'In  F CFA  1990 (USB1 .OO=250-3OO F CFA). 
Table  5.  Comparative economic data on the productlon cost of individual tilapia and catflsh fry 
and juveniles  for:  Oreochromis niloticus (Lazard  1984: Parrel et al.  1986: Parrel et al.  1990): Cliirlas 
garleplnus (Janssen 1984); and  Heterobranchus longifiils (Barros  1990). 
Progeny  weight  Oreochromls niloticu9  Catfish 
150 mg  Heterobranchus langifili& 
Hatchery: 4 to 6  F' 
Hatchery  + cage:  1.7  to 3.6  F* 
-  --  -- 
0.5-1  g  Pond  Clarlas  garlepin  us" 
( Oreochromis niloticus)  3.7 F'  Hatchery  +  Pond: 5. IS F' 
1-3 g  4.3  F**  Hatchery  +  Pond: 8.2 F" 
( Clarias  gariepin  us) 
Hatchery: 6.7  F' 
Hatchery: 9.7  F" 
sg  Pond 
6.5  F' 
7.5  to 8 F" 
Pond 
10 to 12  F' 
Pond 
ZO  F' 
24 F"* 
Cage 
2.5  F" 
Heterobranchus langiRIi& 
Pond:  41  F* 
- - 
F:  in F  CFA. 
'Without  depreciation. 
"With  depreciation. 
" Production station. 
Experimental station. Farms that have surplus fry or  specialize 
in the production of juveniles.  -  Option 2: from nurseries. Today, 
these are still government-run opera- 
tions, managed by a project or by gov- 
ernment employees.  -  Option 3: from the  wild. The Fish 
Farmers catch the juveniles  for stock- 
ing their ponds straight from the wild, 
or buy it From a fisher. 
These various options are chosen and/ 
or  vary in time and space according to 
three major criteria:  -  Culture Species: Only tilapia lends 
itself to  an artisanal and decentralized 
development of backyard hatchery (Op- 
tion 1)  because its production and nurs- 
ing are simple and do  not call for any 
sophisticated techniques. Aquaculture 
development of other species (catfish, 
carps or other species being domesti- 
cated) involves a more or less complex 
phase of  reproduction and larval cul- 
ture that can hardly be considered, at 
least For the  moment, except in the  con- 
text of  a  nursery or hatchery (Option 
2). These species may also be caught 
in  the wild subject to all  the risks in- 
volved in  Option 3: seasonality, het- 
erogeneity of sizes, species mixing, need 
for storing  and transportation after the 
capture. 
Development Policy (who  can be 
fish farmers?): Because nursing is  still 
largely an "assisted" activity, the  option 
chosen depends  in fact on the  project's 
(or the government's) philosophy. 
Some  development  projects favor Op- 
tion 1 for tilapias, whereas others favor 
Option 2 and perhaps even Option 3. 
For tilapia, the use of  nurseries poses 
many problems (high  production costs 
that generally require a subsidized sale 
price, transportation costs, the trans- 
fer of  only a part of the profit From  fry 
sales to  the  nursery, etc.).  These prob- 
lems also apply to the other species, 
but those  species can only be either cap- 
tured in the natural environment or  pro- 
duced in a hatchery. However, when a 
mass production of  tilapia juveniles is 
necessary, the use of a hatchery is una- 
voidable. 
-  Development  over Time:  The 
projects that have opted For  nurseries 
have seen fish farmers move gradually 
but systematically toward backyard pro- 
duction of tilapia fry. This can be ex- 
plained both by the  professionalization 
of some  Fish  farmers and the economic 
failure of the nurseries. 
For Clarias, the rare existing hatch- 
eries heavily subsidize the Fry  and gen- 
erally hardly survive the projects that 
created them: supply thus remains much 
lower than demand and fish farmers must 
often resort to  Option 3. 
Options 1 and 3 tend to  become com- 
mon when projects relying on hatch- 
eries and nurseries end. 
Case  Studies 
The majority of  tilapia culture projects 
in Africa have regarded fry production 
as the cornerstone OF  their strategy 
(Lazard et al. 1991).  This is why many 
fry production Facilities have been built 
or rebuilt in  various countries (Cbte 
d'lvoire, CAR, Congo, Cameroon, Mada- 
gascar, Niger, etc.) in the last Few years. 
The experience of operating  these  sta- 
tions reveals the following constraints: 
-  high operating costs for stations 
running according  to  the  administrative 
model; 
low levels of technical expertise on 
the part of agents responsible for these 
stations, leading to  a low  yield of  fry per 
unit area; and 
problems of  logistics in delivering 
the fry or fingerlings to  fish farmers. 
Thus, operational problems of the La 
Landjia Station in CAR (poor  water supply and lack OF  resources) have forced the 
services responsible for aquaculture 
extension projects to buy from some 
Fish farmers to  resell to  others. 
In Cate  d'lvoire; the  situation is more 
complex. The demand for tilapia fry from 
the FAO-Water  and Forests Project is 
decreasing  because Ash farmers tend to 
produce their own fry and market them 
directly among  themselves. In  1989,60°h 
of all  tilapia Fry  used by the project's 
fish farmers  were produced by the fish 
farmers themselves (directly or selling 
among  themselves). The same  year, the 
project Facilities produced 800,000 fry 
of which only 300,000  were delivered 
to  fish farmers-the  difference being due 
mainly to  the lack of resources for the 
transportation of  the Fry. The cost price 
of  the 0. ni/oticus fry (3-  10 g)  was 7  F 
CFA  per fry  and that of  the male 
fingerlings (30 g) was ZO  F  CFA. The 
selling prices to  Ash farmers were 3 and 
10  F  CFA  per unit, respectively, the 
difference therefore being subsidized by 
the project. 
CATFISH 
In addition to  the Facilities necessary 
for the different reproductive stages 
(hatchery with tanks, Zoug jars or in- 
cubation troughs and nursing ponds in 
good  conditions), the captive breeding 
of these species requires high quality 
feed (for broodstock and juveniles), hor- 
mones  to  induce spawning  and specific 
feeds For the larvae (generally, Artemia). 
These requirements are generally met 
for as long as the project that initiated 
the hatchery continues. 
The initiating project ensures  the tech- 
nical  and scientiFic support necessary 
For  its smooth operation, and the op- 
erating  costs-which  are generally high 
-usually  result in a significant subsidy 
to  fish farmers. 
In CBta d'lvoire, For  example. an ex- 
amination of the  operation of  the  La  Loka 
catfish hatchery reveals: 
difficulty in solving the technical 
problem of nursing fry horn 25 rng  to 
5 g, resulting in a very high mortality. 
In  1988, there was a 2% survival rate 
between the larval  stage ex-hatchery 
and the 5-g fingerlings delivered to the 
fish farmers  (39,000  fingerlings delivered 
out  of 1,500,000  larvae produced in the 
hatchery); 
the high subsidy level, with an es- 
timated cost price for  Clarias fry OF  15- 
20  F CFA and a selling price to Ash farm- 
ers of 10 F  CFA; 
the problem of the technical train- 
ing of station personnel, which became 
obvious  when a hatchery supervisor left 
and was not replaced; and 
the difficulty of  supplying expen- 
sive inputs (pituitary extracts and 
Artemia) after the project ends. 
In  the CAR,  the ending of the vari- 
ous development projects resulted  in 
the closure of the La  Landjia Clarias 
hatchery, which, by 1990,  was nQ longer 
producing Clarias fry for reasons detailed 
earlier. 
In  Cameroon, the Ku-BomC nursery- 
hatchery (near  Bamenda) produces tilapia 
fry, common carp fry and C.  garlepinus 
fry. The hatchery, built in 1986, has never 
functioned (in  1991) due to a  lack of 
funding to complete the incubation 
facilities. The reproduction of carp and 
Clarias therefore is  done in  ponds 
(kakaban  method for the  former: simu- 
lated flood for the latter). Lack of credit 
makes the acquisition of  hormones to 
induce spawning  difficult. In  1989,  this 
station produced 20,000 common carp 
fry and 15,000  Clarias fry (marketed at 
25 F CFA per fry with a mean body weight 
of  12-  18  g).  This volume of  production 
is still much lower than the  demand also 
because fish  Farmers, among whom farming techniques For  these two spe- 
cies have been promoted, are reluctant 
to  rerurn to  tilapia culture. Furthermore. 
the  delivery of fry to  fish farmers poses 
unsolved problems of logistics (need for 
vehicle and fuel). 
Has the  spontaneous  reproduction of 
tilapia in captivity been a true driving 
force for the development of tilapia 
culture in Africa? 
In  addition to  the disadvantages of 
tilapia sexuality for the production of 
marketable fish (anarchic proliferation 
of  fry), it  also involves a  number of 
constraints for  the  controlled and planned 
mass production of  fry and fingerlings 
that relate to  low individual fertility and 
spawning asynchrony: 
large pond surfaces: 
high number of broodstock; 
relatively complex management 
of broodstoclts to  maximize the quan- 
tity and quality (grading,  survival rate, 
etc.) of fry production: 
good level of  technical competence 
from fish farmers; and 
relatively complex planning of 
pond use  (stocking of broodfish, spawn- 
ing and nursing of fry) for a regular supply 
downstream of the  fish farmers practicing 
grow-out in various rearing structures. 
In  short, the low level of technical 
competence apparently required for 
tilapia culture has long led to  the be- 
lief that it could be open to  all, includ- 
ing Fry  production. Nursing has long been 
done In  the same ponds used for  the 
production of marketable fish. 
Analysis of production costs for 0. 
n/lot/cus  fry indicates a relatively high 
cost  price for a  good quality produc- 
tlon (homogeneous  and planned) that 
should be taken into account in estab- 
lishing selling prices to  fish farmers. The 
failure of  the nurseries was no doubt 
largely caused by this high cost price 
related  to the lack of  control of  pro- 
duction costs and insufficient  techni- 
cal competence. Nevertheless, tilaplas 
have the  considerable advantage of  being 
producible  by fish  farmers, in  ponds, 
and as  part of artisanal culture. 
Catfish, whose production has long 
been limited by a scarcity of  fry, could 
be the second group of  fish to  ensure 
the  development of African aquaculture. 
Production costs of  C.  gariepinus and 
H.  Iongifilis juveniles do  not differ very 
much from those of tilapia. In addition, 
the level  of  technical  competence 
required to  reproduce these  species  of 
catfish is  no greater than that needed 
for the efficient operation of a tilapia 
fry production station (planned,  graded 
and monosex). 
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Abstract 
Broodstock exchange and artificial incubation can be used to improve the productlvlty of Intensive tllapia 
breeding systems. Eggs and yolksac larvae are removed From the mouth of incubating female fish within a 
five-day period. The exchange OF females from spawning hapas, with fish condltloned for 10 (Ti). 15 (TZ) 
and 20 (T3) days In separate, single sex, high density groups was compared in a 100-day trial. The selective 
exchange of females From spawnlng hapas, i.e., spawned or unripe Fish  females exchanged for fish that 
were visually ripe and conditioned For  a minimum of 10 days was also compared (T4). A Further treatment 
compared the exchange of males as  well as  females (T5);  both sexes were conditioned in single sex, high 
density groups for  10 days. Increasing the duration  OF  Female conditioning from  10 to 15 days did not 
improve seed output, but doubling the conditioning period (20  days) reduced It by 18%. Total seeds harvested 
from females selectively exchanged were almost SO%  higher than if all females were exchanged at each 
harvest (90.1 and 64.6 seed~.m-~  of spawning hapaday-', T4  and TI, respectively). Efficiency of brood 
Female production was also improved by selectively exchanging females (3  14 and 233 seeds.kgl.day-I, T4 
and TI, respectively). Exchange of males also significantly increased seed output (80.5 seeds.rnv2  spawnlng 
hapa,day-'). Clutch size of seeds removed from selectively exchanged Female and male treatments was 
signlflcantly increased over the control treatment (Tl). 
A major problem for the mass produc- 
tion of Nile tilapia (Oreochromis  niloticus) 
fry is  the asynchrony of  tilapia breeding. 
In contrast to  the synchronous shoaling and 
breeding of  many other Ash  species, the 
complex reproductive biology and behavior 
of  Oreochromis spp. constrain mass pro- 
duction of seeds. High and sustainable pro- 
duction of fry has been shown to  be possi- 
ble in  tank and hapa systems if manage- 
Wesent address:  Institute of Aquaculture.  Unl- 
versity of Stlrllng.  Stirling, Scotland, UK. 
ment practices are intensified.  Broodfish 
condition can be maintained  by reducing 
the period of natural spawning and incu- 
bation to only five days and then remov- 
ing the seeds  from the mouthbrooding fe- 
male. Following seed harvest with a pe- 
riod of single sex, high density "conditioning" 
improves productivity further. A period of 
10 days of such conditioning before release 
into a  lower density spawning environment 
has been shown to improve synchrony of 
spawning and productivity of  the system 
as  a whole, but analysis revealed that the 
mean spawning intervals (MSI) varied be- 
tween 15  and 20 days (Little 1989).  A re- 
covery period of more than 10  days may therefore further enhance seed production 
and synchrony of spawning. However, a 
longer period of conditioning would increase 
production costs since the required number 
of breeding fish would be increased sub- 
stantially. 
These earlier experiments showed that 
simple exchange of  all  female fish  af- 
ter each five-day  period  of  spawning 
opportunity did not optimize the number 
of ripe fish in  the hapa: despite 10 days 
conditioning, a  proportion of  females 
did not develop obvious ripeness and 
readiness to spawn. Also, after a  five- 
day period of spawning opportunity, some 
females not only did not spawn but also 
remained in  an unripe condition. Sorting 
of females to be stocked in the spawning 
hapa, in the same way that carp broodfish 
are sorted for induced breeding, could re- 
sult in  an increased proportion of  breed- 
ing fish. 
Readiness to spawn and fry production 
have been assumed to be only dependent 
on female condition (Uchida and King 1962; 
Peters 1983)  but the demands made on males 
when spawned females are continually re- 
placed with conditioned, ripe females are 
likely to be greater. Exchange of males was 
found to  improve 0.  ni/otjcus seed output 
more than female exchange alone in a hapa 
system with a 2 1 -day interharvest period 
(Lovshin and lbrahim  1989) but the con- 
sequences for male exchange in  a  more 
intensive system in which spawning activ- 
ity is more concentrated are unknown. Fry 
producers have normally allowed several 
days for territory establishment and courtship 
by males (Rothbard et al. 1983) and the 
advantages of using conditioned males may 
therefore be outweighed by  lack of  time 
to court and spawn with receptive females. 
Materlals and Methods 
Pure 0.  niioticus (Chitralada strain)  were 
obtained from an experiment on broodfish 
in which fry of the same origin (individual 
size: 1.5-3 g)  were raised over a perlod of 
five months to  maturity in fertilized earthen 
ponds  using  supplementary  feeding. 
Broodstock were then sexed and maintained 
in  spawning and conditioning hapas sus- 
pended to a depth of 60 cm in the same 
earthen pond (area 1,740 mZ)  over an 
experimental period of  106  days through 
the hot  dry season to the beginning 
of  the rains (March-June 1987). Ambi- 
ent daily temperature ranged from  26 
to  35°C.  Broodfish from different treatments 
were released in single spawning net hapas 
(8.0x5.0x0.9 m) at a rate of 2 fi~h.rn-~  and 
a sex ratio of  1  :  1. Each treatment had a 
minimum of three ferrale replicate groups 
(Table  1 ) which were exchanged succes- 
sively in the spawning hapa throughout the 
experimental period; a total of  20 harvests 
were made at five-day intervals. After each 
five-day period, the bottom strings of the 
hapas were untied, the broodfish  were 
concentrated at one  end of the hapa using 
a bamboo pole slid under the hapa and every 
broodfish removed one at a time using a 
double handnet. The mouth of  each brood- 
fish was checked and any eggs and yolk- 
sac fry were removed by washing the seeds 
from the females' mouth; seeds passed 
through the coarse mesh and concentrated 
in the fine mesh handnet below. Individual 
seed clutches were held In  plastic bowls 
to  allow staging before preservation in 4% 
formaldehyde (Peters 1983)  in sealed glass 
or plast~c  bottles. Same stage seeds from 
females in the same treatment were corn- 
Lined. The numbers and average weight 
of seeds  were estimated by counting and 
weighing three subsamples of  100 seeds 
and then bulk weighing the total batch on 
a top-pan balance (Mettler Pe 3600) to  two 
decimal places. Surface moisture was re- 
moved before weighing by holding the eggs 
in  a  Rne-mesh  net on dry absorbent tis- 
sue. Seeds were staged at harvest using 
an arbitrary scale of development that could 
be determined at  the pond side: (1  ) uneyed Table  1.  Experimental design  showing  treatments  and  numbers of  broodfish 
( Oreochromis  niloticus). 
- 
Duration of conditioning prlor  Sets of broodfish 
to exchange (days)  (x 40 individuals) 
Treatment  Females  Males  Females  Males 
T4  A rnlnimum of  10 days 
and then used according 
to ripeness 
eggs, (2)  eyed eggs, (3)  prehatched and 
(4) hatched, yolksac larvae. 
Harvested broodfish were placed in float- 
ing net hapas before being lifted onto the 
pond side for estimation of weight change. 
Female and male broodfish were condi- 
tioned separately. according to treatment, 
in small nylon nets (3.0~1  Bx0.9  m) at a density 
of  7.5 fi~h.rn-~  (Table 1). All Female broodfish 
were removed and replaced with conditioned 
Females after five days spawning opportu- 
nity in Treatments (T) 1,  2, 3 and 5. In Treat- 
ment 4 (T4), two categories of  Females, (a) 
spawned females and (b)  unspawned but unripe 
females were removed at harvest and replaced 
with an equal number of  females selected 
for ripeness from fish in the conditioning hapa. 
The main criterion for selection of  ripe fe- 
males was a soft, rounded abdomen. Selec- 
tion of females  was therefore made to rnaxi- 
mize the number of such females stocked in 
the spawning hapa at  the beginning of each 
spawning period. 
In Treatment 5 (T5),  males were also re- 
moved and replaced every five days with 
Fish  raised  in  a conditioning hapa for  10 
days. 
All  hapas were replaced every 10  days 
and cleaned thoroughly with brush and hose 
before reuse. 
Early morning dissolved oxygen (Winkler 
titration) and chlorophyll a, total ammo- 
nia and pH were measured in water sam- 
ples removed at 0900  hours. 
Fish in spawning and conditioning hapas 
were fed a floating catfish pellet (Charoen 
Pokphand, Bangkok; crude protein 30%)  to 
satiation three times daily. 
Observations of mean daily seed output, 
number of seedskg  Femaleday' and number 
of seeds.kg fish.day7'  were statistically com- 
pared using a paired t-test. 
Mean percentage of total seeds  harvested 
as uneyed eggs were compared using the 
Kruskal-Wallis one-way analysis oFvariance 
(ANOVA) test. 
ANOVA was used to  determine the relative 
eFFects of stage and treatment on seed clutch 
characteristics. Spearman rank correlation 
was used to describe the relationship be- 
tween stage and clutch size of  harvested 
seeds. 
Results 
Mean daily seed output was significantly 
increased (PiO.05) From hapas in which fe- 
males were selectively managed (T4) or in 
which all males were exchanged compared to  treatment (TI ) where only Females were 
exchanged after a five-day spawning op- 
portunity (Fig. 1  ). 
A conditioning period of  10-1 5 days gave 
similar  production  in  terms  of  total 
seed~.m-~.day-'  but an increase to 20 
days reduced seed output by around 18% 
(53 seeds.m-'.day-'  compared  to 65 
~eedsm--~.day-')  (Fig. 1 ). Duration of female 
conditioning more obviously affected the 
number of seeds harvested relative to the 
total weight of  females used. Uslng fewer 
total broodfish  (TI  ),  the output of  seeds 
almost doubled compared to  that when more 
females were used to enable a period of 
20  days conditioning (T3). 
Productivity  of females, and broodfish 
total, declined with duration of condition- 
ing (Fig. 1  ). The use of selective female ex- 
change and a single group of  males (T4) 
gave the best efficiency of  broodfish use 
overall  (T5,  120 seeds.kg  broodfish 
total.day-I). The variability of seed output 
with time was high, particularly for selec- 
tive exchange of  females (T4, Fig.  1). 
There were no significant differences in 
synchrony of spawning among treatments 
(Table 2). Late spawning occurred within 
a range of 23-35% of total spawns (Stage 
1)  and early spawning, as  indicated by the 
harvest of  well-developed seeds (Stages 
3 and 4), between 40  and 60%. 
Individual mean seed weight was related 
to  stage but not treatment, hatched yolksac 
larvae were heavier than unhatched eggs. 
Variation in clutch size was explained by 
both treatment and harvested seed stage 
and there was significant interaction be- 
tween the two sources of  variation. Mean 
clutch size of seeds harvested from selec- 
tively  exchanged females (872; T4) and 
females spawned with  exchanged males 
(844;  T5) was larger than from females sub- 
jected to  a simple exchange strategy (673; 
TI) and this effect was pronounced when 
yolltsac fry were harvested (early spawned 
seeds TI, 249) (Table 3). Relative clutch 
size (number of seeds.gA'  female spawned) 
did not vary between treatments. Mean  dutch 
weight and size were correlated with the 
stage at which  seeds were harvested 
(Pc0.001, rZ  = 0.4). Late spawned clutches 
of seeds  tended to  be both heavier and larger 
than early spawned eggs/hatched hy. Clutch 
size after hatching (Stage  4)  was nearly 20% 
less than seed harvest as prehatched eggs. 
A  longer conditioning time inevitably 
reduced the total time spent by individual 
female fish in the spawning net from a to- 
tal of 35 days (Tl  ) to  only 2 1 days V3)  during 
the experiment. Although mean spawning 
intervals (MSI) increased with female con- 
ditioning period (Table 4),  there was no  dif- 
ference in spawning intensity or the mean 
number of spawns recorded per day indi- 
vidual females spent in the spawning  hapa. 
Females spawned more frequently after male 
exchange (T5) or when females were se- 
lectively exchanged (T4) compared to  simple 
exchange of all females (TI ) (PeO.05). 
Comparison with the productivity of other 
systems can be made after allowing for the 
losses during artificial incubatlon. Seed pro- 
duction expressed as  first Feeding or  yolksac 
absorbed fry followed the same trends. 
Dlscusslon 
The optimization of broodfish use is par- 
ticularly important for species  that produce 
relatively few seeds from each spawning. 
The use of strategies to  optimize individual 
output needs to  be balanced with the ex- 
tra cost of  handling larger numbers of fish 
in more complicated ways. 
The type of broodfish exchange used to 
increase spawning synchrony and produc- 
tivity in intensive systems (those In which 
broodfish can be caught and handled eas- 
ily) has consequences for ease of  manage- 
ment and cost of fry production. An opti- 
mum strategy would maximize breeding 
activity and enhance readiness to spawn. 
while reducing the number and hence the 
cost of broodstock. Duration of female conditioning  Selective  Male 
(101  (15)  (20)  female  exchange 
exchange 
Mean seed output. m"  spming hapa .clay-' 
0  Mean seed output  of Wfmh  Mol. day-' 
Mean seed  cutput. kg1  of female brccdfish day-' 
Fig.  1 Mean values  for  performance of Nile tilapia (Oreochromis niloticus) broodfish 
spawned In large nylon hapas after different periods of female conditioning (10 days, 
T1 :  15 days. TZ: and 20 day$, T3), selective female conditioning (T4) and male  conditioning 
(males and females conditioned for 10 days, T5). 
Table  2. Mean  percentages of total  seeds  harvested 
as uneyed eggs (Stage 1 ) From spawnlng hapas (area=40 mZ. 
stocked with 80 broodfish per  unit [female:male  ratio-I]; 
tlrne=106 days) managed under different  conditioning and 
exchange regimes. 
Mean  percentages  of total  harvested 
Treatment  sta~e  1 seeds  (n) 
Chi-square  5.1' 
Chi-square value of  the Kruskal-Wallis one-way ANOVA; P>0.05, Table  3.  Clutch  size of seeds'  harvested from  mouthbrooding females 
subjected  to  different  broodstock  management  strategles. 
Treatment  Procedure  Mean t  SEb 
T  1  10 days conditioning  673 + 58.7~ 
TZ  15 days conditioning  704 + 38.9~ 
T3  20 days conditioning  721 t- 34.4~ 
T4  Selective exchange  872 -t 44.66 
of spawned females 
TS  Male exchange only  844 rt  39.8d 
-- 
'Mean  weight of all seeds in a single clutch wet weight.  Means wlth 
the same letters are not significantly different (b0.05). 
'Standard  error. 
Table 4. Mean spawning intervals  (MSI) and  percentages of females  spawning during a  flve-day 
opportunity. 
Treatment  Procedure  MSI (rt SE)  Mean %  spawning 
10  days  conditioning 
15 days  conditioning 
20 days  conditioning 
Selective  exchange 
of  spawned  females 
Male  exchange  only 
This study indicates that individual 
broodfish  productivity is  not improved if 
females are  conditioned for longer than 10 
days. Actual seed output declined with dura- 
tion of female conditioning, and when com- 
pared in terms of seeds  produced per weight 
of total broodfish, this trend was even dearer. 
Selectlve exchange of  females optimized 
total seed output and individual clutch size. 
The improved performance of  females 
managed in  this way could have been a 
result of  the selected fish spawning more 
completely and/or the eggs produced be- 
ing of  higher quality and thus surviving better. 
Females conditioned for periods longer 
than 15 days in contrast may have produced 
a larger proportion of  overripe. poorer quality 
eggs.  Peters ( 1983)  observed that reabsorp- 
tion of eggs in the ovary began within as 
little as  one  week of reaching a critical gona- 
dosomatic index (GI)  for Oreodlromisspp. 
but that this did not prevent spawning. 
However, the eggs from "overripe" fish in 
which the maximum GSI had been attained 
for more than a critical period, gave rise 
to  poor embryo survival, which would ex- 
plain the smaller individual clutch size and 
total seed output at harvest. 
The high variability in seed output in the 
selective exchange of females fl4) suggested 
that the maintenance of  ripe fish was not 
always optimized. This  was  certainly influenced by the experimental design since, 
if a hlgh proportion of females spawned, a 
large number had to be removed from the 
spawning hapa and exchanged with  fish 
from the finite number maintained in  the 
conditioning net. 
The ability of  Oreochromis spp. males to 
spawn several times within  the same day 
(Lowe-McConnell  1959; Peters  197  1  : Pol- 
der 1971) is  countered  by  a declining ca- 
pacity to  fertilize successive clutches of eggs 
(Rana 1986).  The improved seed production, 
larger clutch size and reduced MSI observed 
in the male exchange treatment compared 
to  female exchange only may have resulted 
from a higher level of fertilimtion in spawned 
clutches of eggs and/or increased vigor of 
courtship and spawning. The importance of 
male ."condition" has been  recognized in 
common commercial practice and reflected 
in the sex ratios of broodfish stocked (Mires 
1982; Hughes and Behrends  1983). How- 
ever, sex ratio may be a poor indicator of 
actual availability of  spawning males since 
hierarchical effects may prevent subordinate 
males from taking part in  spawning activi- 
ties in intensive systems (Turner 1986: Little 
1889).  Moreover, regular spawning may be 
constrained in  intensive systems by a ten- 
dency for females to  prefer unspawned males 
with ripe gonads (Silverman 1978~1,  1978b). 
Nakatsuru and I<ramer ( 1982) reported that 
lemon tetra (Hyphessol?/yconpu/chripjnnis) 
females tended to  choose males that had not 
recently spawned. The results of  this study 
support those of Lovshin and lbrahim ( 1989) 
who reported  improved seed output after 
male exchange. 
Their results suggest that male exchange 
is  more important than female exchange 
but their harvest, and therefore female con- 
ditioning interval, was prolonged (2  1 days) 
which may have affected female producti- 
vity (see  above).  The fertilization capabili- 
ty of  a single male Nile  tilapia increased 
from 22 to 100%  after a rest period of one 
week (Rana 1986)  and it may be expected 
that the conditloning period of  males will 
be reduced to  five days, and that only two 
groups  of broodfish will be used, with con- 
sequent savings. 
The  reduction  in  individual clutch size 
with harvested seed stage or duration of 
natural incubation can be interpreted with 
reference to kna  ( 1990).  Removal of unfer- 
tilized eggs from the buccal  cavity, con- 
tacts with pharyngeal teeth after hatching 
and dislodgement ofthe  yolksac during the 
churning movements of natural incubation 
were the most common causes of loss From 
females held in tanks and aquaria. Marshall 
( 1979)  found no relationship between the 
number of eggs in the mouth and the egg 
stage at harvest of  0.  macrochir by seine 
netting in  a natural lake, but he rejected 
females that appeared to  already have lost 
eggs or fry. Other authors (Aronson 1949; 
Lowe-McConnell  1959;  Riedel 1945)  have 
associated the decline in fry numbers dur- 
ing mouthbrooding to the limited size of 
the buccal cavity but Rana (1986)  demon- 
strated that this was not a limitation. 
There were no significant differences in 
spawning synchrony between treatments, as 
determined from differences in seed stages, 
but more than 40% of all females spawned 
within five days  if conditioned for 10-1 5 days 
prior to stocking. When Females were selec- 
tively exchanged or males were also ex- 
changed, frequency of spawning improved 
to around 50%. 
Exchange and conditioning of both female 
and male broodfish should be carried out 
selectively and frequently to  optimize seed 
output and the productivity of individual 
broodfish.  Individual  selection of  female 
broodfish for ripeness however requires extra 
time and the maintenance of twice as  many 
males would increase broodstock costs. Early 
and frequent removal of seeds  also necessi- 
tates their artificial incubation before a strict 
comparison with methods harvesting first 
feeding or advanced fry can be made but 
the  current study obtained seed yields almost 
twice the highest level previously reported 
(Little et al. 1993). Acknowledgements 
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Abstract 
Nile tilapla (Oreochromls niloticus) juveniles were manually sexed and 50, 80. 95, 98  and 100% 
male populations (two replicates) were stocked at a density of 1 fi~h.m-~  in ZOO-mZ earthen ponds. 
Growth of  stocked fish and recrultment were assessed From blweekly sampling. Ponds were completely 
harvested after 24 weeks. Recrultment was observed In all ponds with recruits representlng 4.7  to 
31.4% of total blomass at harvest. Errors from manual sexing resulted in small numbers of females 
belng stocked and subsequently some recruits occurring in  the "all-male" ponds. Analysis of  variance 
(ANOVA) showed a significant (P=0.01) effect  OF  the proportion of males on biomass of recruits 
and suggested an effect on mean weight gain of the stocked fish.  Multiple regression analysis 
showed a significant (P-0.001)  posltlve effect of proportion of males on the growth of the stocked 
fish and a negative (P-0.01)  effect on biomass and number of recruits. Growth and recruitment 
patterns were similar in the ponds stocked with 95, 98 and 100% rnales. These data suggest that, 
although Increases in  growth and decreases in recruitment were observed when ponds were stocked 
with high proportions of males, recruitment levels can still be unacceptably high in these ponds. 
Efforts should be made to eliminate all  Females from ponds so as  to negate Fully the deleterlous 
eFfects of recrultment in tilapia growout ponds. 
lntroductlon 
The farming of monosex all-male tilapia 
has long been proposed as  the  solution 
to  the  problem  of  uncontrolled 
reproductlon and overpopulation in 
tilapla  culture  ponds.  Existing 
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methodologies  (manual  sexlng, 
hybridization and androgen sex reversal) 
generally  fail  to give  100% male 
progenies consistently. In  research to 
develop a technology for generation of 
all-male Oreochromis niloticus by genetic 
manipulation  of  sex determination to 
produce novel YY  males (Scott et al. 
1989; Mair et  al. 1991  ), we noted that 
several YY  male sires produced small 
proportions of female offspring. If  the 
aberrant  occurrence  of  this  small 
proportion of  females is under genetic 
control,  contrary to  the hypotheses of monofactorial sex determination in this 
species, it  may be possible to select 
against this over several generations of 
production of YY  males. However, such 
a  selection program would  require 
considerable investment. Thus, the 
question "how desirable is it to  produce 
reliably 100%-male populations?" needs 
to be addressed. 
Several authors have suggested that 
if ~95%  male progeny can be achieved, 
problems related to reproduction and 
overpopulation will be negligible (Mires 
1977;  Macintosh et  al. 1988).  However, 
there is little data to  support this. Studies 
on the effect of  small proportions of 
females (as  low as  2.5%) suggested that 
these can have a very significant efFect 
on the growth of  stocked fish and the 
yields of  culture ponds with  recruits 
forming up to 70% of  the harvest. In 
the case of  sex reversed fish, harvests 
including only a single female (0.35%) 
still resulted in yields containing up to 
44% recruits (Anderson and Smitherman 
1978). 
In  a study on the effect of  the intro- 
duction of small proportions of female 
0. niloticus to  ponds stocked with all- 
male hybrids (0.  ni/oticusx U.  urolepis 
hornorurn), Lovshin et al. (1  990) dem- 
onstrated that all-male fish grew 121% 
and 69Oh larger than those In populations 
containing 2.5% and 5.0% females, re- 
spectively. Total yield, including recruits, 
was highest in the 5.0°h female popu- 
lations. 
This study was  designed to  determine 
whether there exists a minimum accept- 
able proportion of females in pond cul- 
tures of 0. niloticus by determining the 
effects of known proportions of females 
on  growth, yield and recruitment, con- 
centrating on populations containing very 
high proportions of males. 
Materlals and Methods 
First feeding fry were obtained from 
mass spawning OF a number of IocallY 
available Philippine strains of 0. niloticus, 
including a  proportion  of  red  tilapia 
(Oreochromis  sp.). Fry were divided into 
four batches and stocked in 5-mZ  con- 
crete tanks at  equal densities. Three of 
the four batches of fry were given feed 
containing 17a-methyltestosterone (40 
mgkg-' of  feed) for 28  days to gener- 
ate a surplus of males. 
Following treatment, all  fish were 
pooled and grown for 114  days In  fine 
mesh hapas up to  a mean weight of  20-24 
g, at which size they could be sexed 
by examination of  the genital papilla. 
Fish  were sexed and divided into five 
treatment groups: 50, 80, 95, 98 and-., 
100% males, with each treatment du- 
plicated.  Fish  were then stocked at 1 
fish.m-z in 200-m2 earthen ponds in a 
randomized complete block design. 
Fish  were grown for  126 days with 
biweekly sampling of approximately 25% 
of  the population. At sampling, the mean 
weight of stocked fish (MWT), and to- 
tal  biomass  (FBIOM)  and  number 
(FNUMB) of  sampled recruits (fingerlings 
>5g, caught by  seine net) were ascer- 
tained. Ponds were fertilized biweekly 
at a  rate of  1,000 kg.ha-' of  chicken 
manure and 50 kgha-' of  inorganic fer- 
tilizer (N-P-K,  16-20-0). No supplemen- 
tary feeding was applied. Water qual- 
ity parameters, temperature, pH, and 
dissolved oxygen were monitored bi- 
weekly at 0700 and 1600 hours. 
At harvest, individual mean weights 
were taken for stocked fish and recruits 
(which could be easily distinguished from 
the larger stocked fish by the significant 
size differential) were graded, counted 
and weighed. Mean weight (MWT) and biomass OF stocked fish (STBIOM), and 
recruits (RECBIOM) and total biomass 
(TOTBIOM) were analyzed by analysis 
of variance (ANOVA). 
Multiple regression analysis was used 
to  analyze the effects of a range of pre- 
dictor variables on three dependent 
variables: growth rate of the stocked 
fish  (GRINC,  in  g.day7'), FBlOM  and 
FNUMB. The predictor variables were: 
initial weight of the fish (INWT, in  g); 
percentage of males at harvest (PMALE, 
in %); replicate (BLK, dummy variable); 
age of stocked fish since first Feeding 
(AGE, in days);  proportlon of red tilapia 
in the population (PRED, in %), survival 
during pond growout (SURV, in %); dis- 
solved oxygen concentration (DO, in 
mg.ml-I); water temperature (TEMP, in 
OC);  and pH  (PH). All  variables were 
measured  for each  14-day sampling 
period, resulting in  a  dataset of  90 
records (N=90: 5 treatrnents*Z replicates 
*9  sampling periods) according to a 
method first developed by  Pauly  and 
~opkins  ( 1983). 
For each dependent variable and for 
the log-transformations of FBlOM and 
FNUMB,  a regression model was con- 
structed by combining predictor vari- 
ables that together explained as much 
of  the variation  as possible (highest 
possible R2). For each model, violations 
of the assumptions of multiple regres- 
sion (multicolinearity, zero mean error, 
constant error variance and autocor- 
relation of the residuals) were checked 
for and avoided (Costa-Pierce et al. 
1993).  Variables that expressed propor- 
tions (PRED,  PMALE  and SURV) were 
transformed to the arcsine OF their square 
root (TPRED, TPMALE and TSURV). The 
relative importance of  predictor vari- 
ables in  a  model was assessed using 
standardized regression coefficients 
(Costa-Pierce et al. 1993). 
Results and Dlscusslon 
Errors in manual sexing at stocking 
resulted in  small deviations from ex- 
pected sex ratios at  harvest. This is im- 
portant in the case of the ponds stocked 
with "all-male" fingerlings. One  female 
was found in  one "all-male" duplicate 
pond and both contained recruits. Ponds 
were supplied with  pumped well wa- 
ter and the drains screened, so contami- 
nation from feral fish can be discounted. 
It  was  assumed  that  "all-male" 
populations contained 0.5-1 .O% females, 
making them almost indistinct from the 
98%  male treatment. 
~ighest  mean weight gains were 
achieved in  the three treatments that 
were 95% male or higher. Also,  the 
biomass of recruits in these treatments 
was lower than in the 50 and 80%  male 
treatments (Table 1).  The treatment effect 
on mean weight gain, biomass of stocked 
Fish  and total biomass was not slgnifi- 
cant, but there was a significant block 
effect (ANOVA, see Table 2).  For biomass 
of recruits, the block effect was not sig- 
nificant, but the treatment effect was 
(Table 2). However, linear contrasts 
showed significant diFferences in mean 
weight gain and biomass of stocked fish 
between the 50 and 80% treatments, 
on one hand, and the 95,98  and 100% 
male treatments, on the other (P=0.05; 
see also Fig.  1). With only two repli- 
cates, the power of the ANOVA was low 
(Van Dam  1990) and the probability 
levels of the nonsigniFicant variables in 
the ANOVA for MW  and RECBIOM (both 
around 0.08) indicate that with more 
replicates, these effects might have been 
significant. The block effect was prob- 
ably due to differences in  pond matu- 
rity: ponds in Block 1 were In their second 
production cycle, whereas those in Block 
2 were in their First cycle. Table 1. Welght gain and recrultment at harvest in Nile tilapia (Oreochromis niloticus) ponds stocked 
at different sex  ratios. Where no females were stocked,  the observed  recruitment was  due to 
sexing errors (see text). 
Sex ratio  Sex ratio  lnltlal  Harvest  Weight  Biomass of  Recruits as % 
stocked  harvested  mean weight  mean weight  gain  Survival  recruits  of harvested 
(6  :p)  (d  :Q)  (s)  (s)  (g)  010  (g)  biomass 
Table  2.  Mean squares of the analysis of variance (ANOVA) on mean weight gain (MWT, in g). 
biomass of stocked fish at harvest (STBIOM). biomass of recruits at harvest (RECBIOM, in g) and 
total fish biomass at harvest (TOTBIOM) for the whole 126-day experiment. Significance levels are 
indicated ('=5%, *'=  1 % and ***=0.  I %). 
Effect  D  F  MWT  RECBIOM  STBIOM  TOTBIOM 
Replicate  1  374.789**  604668.1  OOb  6571 193.756'  11 162500' 
Treatment  4  49.089"  2482037.650"  1816682.803  218532.696 
Residual  4  10.836  1  16443.850  5  14865.264  609053.48  1 
'Probability  level was 0.086. 
bProbability level was 0.085. 
Tlme  (days) 
Flg.  1. Growth of Oreo- 
chromis niloticus  popu- 
lationsstocked in  ponds 
at different  sex  ratios 
(mean of  duplicates). There were no clear trends in recruit- 
ment during the whole period and the 
results were highly variable (Fig. 2), 
possibly  due to the inconsistency of 
sampling procedure. However, recrult- 
ment commenced later and at a lower 
rate in the high percentage male treat- 
ments. Also, recruitment declined over 
time in all treatments, possibly due to 
a  reduction in  spawning frequency of 
the stocked fish  as pond biomass in- 
creased, or to  cannibalism of younger 
fry by older juvenile recruits. 
Total  biomass was not significantly 
different between any treatments sug- 
gesting that all the ponds may have 
reached their maximum carrying capacity 
(in the absence of supplementary feed) 
and that differences among treatments 
were manifested  in  the difference in 
relative proportions of  recruits and 
stocked fish (Table 1, Fig. 3). 
Multiple regression analysis resulted 
in  significant  models  for  GRlNC 
(R2=0.669),  FBIOM  (RZ=0.S53) and 
FNUMB  (R2=0.432).  The initial weights 
of  the fish and replicate number were 
the most important explanatory vari- 
ables for GRlNC  (Table 3 and Fig.  4). 
The proportion of males was positively 
correlated with GRINC. 
Age of  the stocked fish was most 
important in  explaining the variability 
in  FBIOM and FNUMB (Fig. 4).  The de- 
cline in  recruitment (Fig. 2) over time 
is not expressed in this analysis because 
the effect of age is described linearly. 
We did not attempt an analysis with 
nonlinear effects of age. 
DO was positively correlated with both 
FNUMB and FBIOM, indicating the im- 
portance of  oxygen in  fingerling sur- 
vival and growth. Temperature affected 
only the recruit biomass, suggesting  that 
it was less important for survival. Pro- 
portion of males was significantly and 
negatively correlated with recruit num- 
bers and biomass. 
There was no significant positive or 
negative serial correlation of the residuals 
(Durbin-Watson  test, P=0.001). Using 
log-transformed  values of  FBIOM and 
FNUMB resulted in a much better fit of 
the models (Table 4; LOGFBIO: R2=0.773; 
and LOGFNUM: R2=0.702).  These models, 
however, did show positive serial cor- 
relation of the residuals in the Durbin- 
Watson test. 
These results showed that increasing 
the male sex ratio at stocking did sig- 
nificantly affect  marketable yield  by 
increasing weight of stocked fish and 
decreasing recruitment. However, the 
effect was not as  great as that observed 
in  other similar studies (Macintosh et 
al. 1988; Lovshin et  al. 1990).  This may 
be due to the shorter growout period 
used  in  the present study although it 
is  notable that all  other studies incor- 
porated supplementary feeding which 
may amplify the effects of direct com- 
petition among stocked fish and recruits. 
There was no evidence to  indicate that 
predominantly male (>95%)  populations 
have more homogeneous individual weight 
distributions. Indeed, there were few sig- 
nificant differences in the population char- 
acteristics in ponds stocked with 95, 98 
and " 1  OOOh" male populations. Evidence 
from other studies (Lovshln et al.  1990; 
Mair, unpubl. data) suggests  that significant 
additional increases in yield can be gained 
From  the absence of recruitment in com- 
pletely all-male populations and thus the 
elimination of  all  females should  be an 
important objective in  sex control pro- 
grams. 
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Abstract 
The results are presented OF two growth trials using an lndlgenous tilapla species Oreochromis 
karongae in  ponds at Mzuzu, Malaai. The first compared the weight gain of 0.  karongae at two 
stocking densities in  1  50-m2 ponds (1 and 2 fl~h.m-~)  with that of 0,  shiranus, the most commonly 
used specles for aquaculture in  Malawi. At both densities, 0. karongae grew from 54 g to 104 g 
on average In  16 weeks, compared with 0.  shimnus which grew From 39 g  to  55 g on average. 0. 
shiranus produced much greater number of  fry  and fingerlings (over 8,000Ipond compared with 
200-300 for 0.  karongae).  The second trlal compared the growth of juvenile 0.  karongae in 300- 
mZ  ponds. using three different  fertlllzers (chicken manure, diammonium phosphate and grass 
compost)  without feeding. Each treatment was triplicated.  The fry grew from 1.3 g to 14-20 g in 
12 weeks.  There was no significant difference (P>0.05)  in  the final mean body weights OF  fish 
from the three fertilizers. The results of these trials are discussed relative to the appropriateness 
of 0. karongae as  candidate species For  fish farming in MalaGi. 
Malawi has a very rich fish fauna which 
is  divided into two main ecological 
zones: the Lake Malawi catchment (in- 
cluding the upper Shire River) and the 
lower Shire, which shares the same  fauna 
as the lower Zambezi. The Lake Malawi 
fauna is particularly rich, with perhaps 
1,000 fish species, many of which are 
undescribed. The Central and Northern 
Regions Fish  Farming Project operates 
wholly within the Lake Malawi catch- 
ment. One  of its main aims is to  inves- 
tigate the sultability of indigenous fish 
species for fish farming. Two indigenous 
tilapias, Oreochromis shiranus and Tilapia 
rendalli, have been used for farming in 
Malawi since the 195Os, but are rela- 
tively slow growing and mature preco- 
ciously in ponds (Vincke 1981). 
Indigenous tasselled tilapias asslgned 
to subgenus Nyasalapia: Oreochromis 
lidole, 0.  saka. 0.  karongae and 0. 
sqoamipinnis (Trewavas 1983)  are im- 
portant species fished for food, locally 
referred to  as chambo. Their aquaculture 
potential has not been studied in detail 
as they could not breed in shallow ponds 
(Msiska 1988).  However, a few chambo 
stocked in  a pond at Fisheries Station 
at  Nkhata Bay bred in early 1990 at  the 
same  time work in southern Malawl was 
also showing  that chambo could breed 
in ponds. These observations were en- 
couraging enough for more research 
efforts to be directed at chambo as 
candidates for Fish  farming. 
Stocks of  each of  the species were 
collected from Lake Malawi and allowed 
to spawn at Nkhata  Bay  and Mzuzu. 
Recent work by Turner at Monkey Bay in southern Malawi has suggested that 
0.  saka forms a subgroup of 0.  karongae 
and that there are only three species 
of subgenus Nyasalapia: 0. karongae, 
0.  lidole and 0.  squarnipinnis (Turner 
and Robinson 1991  ). This Fits  with our 
observations and is  the nomenclature 
used in  this paper. We found that 0. 
karongae was the easiest species to 
collect and breed in captivity. 
The two trials described  here were 
to  determine how 0. karongae grew in 
ponds. The first compared different stock- 
ing densities of  0.  karongae with  0. 
shiranus. The second trial used smaller 
fish and different methods of pond fer- 
tilization, suitable for use by rural farmers. 
Materials and  Methods 
Trial No. I 
Five 1  50-mZ  ponds were stocked with 
0.  karongae fingerlings spawned from 
wild broodstock originating from Nkhata 
Bay  and Monkey Bay,  and with  0. 
shiranus  fingerlings  spawned from 
broodstock at the station in Mzuzu. 
The fingerlings were of the same age 
(1  6 weeks) with average body weights 
from 35 to 55 g. Each pond was ferti- 
lized every week with  200 g  diam- 
monium phosphate and Fed daily with 
malze bran at 3%  of total fish biomass. 
At the start of  the trial, 30  Fish  From 
each pond were weighed and tagged. 
The tags were for fish identification dur- 
ing weighing, enabling the use of  in- 
dividual weights for statistical analy- 
sis rather than replication of treatments. 
Two-thirds of  the fish  in  each pond 
were bulk weighed in groups of 10 &very 
28 days  to 1 g and the individual total 
and standard lengths of  20 fish were 
measured to  0.1 cm. 
Water From each pond was also sampled 
at  0500 hours for measurement of dissolved 
oxygen, pH, total hardness, total alkalinity, 
chlorophyll a, ammonia, nitrite, nitrate and 
available phosphorus using methods 
described by Stirling ( 1985).  The trial was 
terminated after 16  weeks when all the 
fish were counted and weighed. 
Trial No.  2 
Nine 300-mZ  ponds were each stocked 
with 900 0. karongae fingerlings of 
1.3+O.5- 1.3k0.8  g average weight. The 
following three treatments were each 
randomly assigned to  triplicate ponds: 
dry  chicken  manure  applied  at 7 
kg.pond-'.weeke'; diammonium phos- 
phate applied at 300 g.pond-'.week2'; 
and grass compost with an initial ap- 
plication of  1  m3  of dry chopped grass 
(6.5% crude protein) into a compost crib 
in the corner of the pond. followed by 
weekly additionsof 10  kgpond-I. 
No supplementary feed was  given. 
Each pond was sampled every 28 days 
and the fish  weighed and measured. 
Water samples  were collected monthly 
and analyzed as in Trial  1. The trial was 
interrupted by a flood soon after sam- 
pling at the end of week 12. Data analysis 
was by  Kruskal-Wallis  nonparametric 
ANOVA using Statgraphics (Statistical 
Graphics Corporation, USA) software. 
Results 
Unfortunately, the fish lost their tags 
so  statistical analysis among treatments 
was not possible. However, 0.  karongae 
apparently grew more than 0. shlranus 
at both stocking denslties (P<0.05  if all 
results for each species are grouped 
together) as shown in Table 1 for Trial 
1. Overall production appeared to be 
highest with 0.  karongae stocked at 2 
Fi~h.m-~,  and these fish appeared to  grow 
just as well as  the 0. karongae stocked 
at 1  fl~h.m-~. Table 1. Results of  Trial 1. Comparlson of the weight galns of Oreochromls karongae and 0. shiranus 
stocked at  1 and 2 fi~h.m-~.  (Ok=Oreochromis karongae,  0s-Oreochromis shlranus;  NB=Nkhata 
Bay, MB=Monkey Bay. MZ=Mzuzu: MBWI+SD and 2=stocking and harvesting mean body weights. 
respectively: and SGR=speclfic growth rate. SD=standard deviatlon. Harvesting mean body weights 
havlng the same  letter are not significantly  different  [P>0.05] according to the Kruskal-Wallls 
nonpararnetric ANOVA.) 
Pond # 
Species and source 
1  2  3  4  5 
Ok  (NB)  Ok (NB)  Ok (MB)  0s  (MZ)  0s  (MZ) 
Stocklng density  1 .rnmZ  Z,m-2 
MBW1  +SD (g)  55.t6  52*7 
MBWZ*SD  (g)  105+11b  106*  6b 
SGR  (%.day-')  0.57  0.64 
Mortality (46)  7.3  8.7 
Weight gain (kg)  6.35  1 3.44 
Weight of flngerlings (kg)  1.6  2.0 
No.  of Fingerlings  228  274 
Trial  Z  was stopped by a  Flood  and 
the  data (Table 2) are  from a sample. It 
was not possible to  assess mortality or 
total  production. The growth of  0. 
karongae across the  treatments was not 
significantly different (P>O.OS). 
In both trials, the pond water param- 
eters remained within acceptable lim- 
its for tilapia growth. Water tempera- 
tures were within the range 21  -2b°C. 
These trials suggest differences in cul- 
ture perFormance characteristics  between 
0.  karongae and 0.  shiranus. 0.  shiranus 
can breed at  sizes  as  small as  8 g (Maluwa 
1990), and once breeding commences, 
growth slows dramatically. 0. karongae 
tend to  grow for a longer period, and to 
a larger size, before breeding. At the  start 
OF  Trial  1, 0. shiranus were already of 
breeding size whereas 0,  /<arongae, de- 
spite being larger at  stocking, did not start 
reproducing until  attaining 90 g  body 
weight. This difference would be impor- 
tant where large fish are needed at har- 
vest; however, most markets in Malawl 
readily accept small fish.  In  such cases, 
it would not matter that 0. shiranus is 
small at harvest. The yield, in  terms of 
weight per unit area, would be the most 
important factor for farmers. Trial  1  also 
suggests  that 0.  karongae can give higher 
overall production than 0.  shiranus. 
Continuing research efForts are  needed 
to establish the future of 0.  karongae 
in aquaculture. However, it does seem 
to  have advantages  over 0.  shiranus for 
culture in Malawi, and the  greater one 
is  that of being an indigenous species. 
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Abstract 
Two experiments were designed to diFFerentlate and quantify the observed growth enhancement 
due to  sex reversal and thegrowth enhancement due to anabolic effects among 17a-methyltestosterone 
(MT)-treated and control Oreochromls urolepis hornorum, 0. niloticus and their hybrid (0.  nllotlcus 
Female x  0.u. hornorum male) cultured in hapas. Mlxed-sex, all-male and all-female populations 
of  flsh were utlllzed in  the studles.  All fish treated with 60 mg  MT,kg-' of diet showed a positive 
growth response (P=0.05) when compared to  their respective control;  at the conclusion of  the sex 
reversal period (day 30). All-male hybrids showed a  10% increase in growth in response to MT 
treatment. Since no sex  reversal occurred among the hybrids, the observed growth enhancement 
of  these fish represents solely the anabolic effect of the MT at the conclusion of the sex  reversal 
period. 
At 180  days, control male 0. nlloticus average welght was similar to the MT-treated 0. n/lot/cus. 
Control and MT-treated hybrids also had similar average final weights. The O.U.  hornorum treated 
Fish had final weights significantly greater than the control 0.u. hornorum males (P=0.05). 
The growth  of  all-female tilapias was not significantly diFFerent from that of  the all-female controls 
aFter 30 days culture. but treated females were signiFicantly heavier (1  6.2%) than control females 
at the conclusion of the grow-out phase (180 days) (P=0.10).  It  was inferred from the data from 
MT-treated females that MT-treated genotypic males had attained mean weights 55.3% and 23.0% 
greater than nontreated male fish at 30 and 180 culture days, respectively. 
lntroductlon 
Control of reproduction is  of funda- 
mental importance for the  successful cul- 
ture of tilapia (Chimits 1957: Hickllng 
1967;  Lovshin 1975).  Various manage- 
ment strategies have been developed 
to avoid unwanted reproduction in grow- 
out ponds  (Hickling 1960: Clemens and 
lnslee 1968;  Guerrero 1982).  The most 
effective and, presently,  most widely 
used technique is the  treatment of sexu- 
ally undifferentiated fry with synthetic 
androgens to  sex reverse genotypic fe- 
males. 
Many investigators have reporaed en- 
hanced growth in fish treated with an- 
drogens  compared  with  controls 
(Yarnazaki 1976: Donaldson et al. 1979). 
Tilapia treated with androgens do  not 
always show  superior growth compared to  untreated  fish  (Anderson  and 
Smitherman 1878;  Hanson et  al. 1983). 
Androgen-treated tilapia are phenotypic 
males, but the population consists of 
both male and female genotypes. The 
superior growth of tilapia males has a 
genetic basis (Fryer and lles  1972; 
Anderson and Smitherman  1978) and 
it would be expected that a genotypic 
female, sex reversed to the male phe- 
notype (genotypic female/phenotypic 
male),  would not grow as  fast as  a normal 
male. 
The objective of  these experiments 
was to differentiate and quantify the 
growth enhancement due  to  sex reversal 
and due to anabolic effects among 
methyltestosterone (MT)-treated and 
control Oreochromis urolepis hornorum, 
0. nilot/cusand their hybrid (0.  niloticus 
female x 0.u.  hornorum male). 
Materials and Methods 
Fish Stocks 
The experiments presented were con- 
ducted at the aquaculture facilitles of 
the Panarnerican  Agriculture School 
(PAS), Honduras.  Broodfish  were ob- 
tained from the National Association of 
Banana Producers, San Jose,  Costa Rica, 
and  from  the  Pond  Dynamics/ 
Aquaculture CRSP, Comayagua, Hondu- 
ras. Addltlonal 0. niloticus  were selected 
from PAS stocks. 
Fry Production 
All fry utilized for these experiments 
were produced  in  outdoor concrete 
tanks. Tanks were periodically seined 
to  remove embryos and sac-fry from the 
mouth of  incubating females. Yolksac 
fry were transferred  to plastic trays, 
containing continuously aerated water, 
and embryos were artificially incubated 
there. 
Each experiment was begun using fry 
that had completed yolksac absorption, 
determined through microscopic exami- 
nation (1  5x)  to  ensure that all fish were 
at the same development stage when 
stocked. Body length was not used as 
a criteria for stocking fry due  to  possi- 
ble maternal effects among  tilapia species 
(Siraj et al. 1983). 
Feed Preparation 
During the first 60 days of each ex- 
periment, fry and fingerlings were fed 
a diet containing 42% crude protein. 
The Feed  was finely ground to enable 
ingestion of all  particles and given to 
the fish ad libitum  four times a day. 
During the remaining months of  each 
experiment, fish were fed a similar diet 
containing 28% crude protein and fed 
ad libitum three times daily. 
Feed  containing hormone (60 mg 
MT.kg-' of  feed) was prepared as de- 
scribed by  Shelton et al. (1978). Use 
of hormone-treated feed was  suspended 
on day 30 of each experlrnent. 
Experimental Units 
Fish were initially reared in small hapas 
(0.30~0.60~0.37  m) constructed of 
fiberglass window screening material 
(Tave and Tave 1984).  Hapas were sus- 
pended  in  one  concrete  tank 
(3.0x6.0x0.9 m). During a 15-day pe- 
riod, fish were stocked in the hapas as 
they completed yolksac absorption. 
In  May  1988,  12  hapas were each 
stocked with  50 0.  niloticus,  O.U. 
hornorum or tilapia hybrid fry. The hor- 
mone and control treatments were as- 
signed to hapas containing each type 
of fry, In a completely randomized de- 
sign. There was a total of 34 hapas with slx replicates of each treatment. In the 
second treatment, begun in August 1989. 
24  hapas were each stocked with SO 
0. niloticus, 12  with mixed-sex fry and 
12  with all-female fry. 
At 30-day intervals, all fish from each 
hapa were anesthetized (200 ppm of 
MS-222), counted, weighed collectively 
and measured for total body length. On 
culture day 30, fish from all replicates 
of each treatment were pooled and re- 
allocated at 20 fish.hapa7' for another 
30 days. The hapas were maintained in 
the same  concrete tank. On culture day 
60, fish were transferred to  nylon hapas 
(1.2~2.4~1.2  m  with a  0.6-cm mesh) 
suspended in a 0.06-ha earthen pond 
for the remainder of the experiment. 
Statlstlcal Analysis 
The effects of the control and MT  di- 
ets were compared among the differ- 
ent tilapia in  a  factorial arrangement. 
Analysis of variance (ANOVA) was con- 
ducted on the observed mean body 
weights, mean body lengths and sur- 
vival  percentage of  fish.  Differences 
among treatment means were deter- 
mined by using Duncan's multiple range 
test. Sex ratios were tested for good- 
ness of fit by chi-square analysis. 
Results and Dlscusslon 
Experiment  I 
Pooled  MT-treated  fish had greater 
(P=0.05) mean body weights than pooled 
controls at 30 days (Table  1). No dif- 
ference was found when the mean fi- 
nal weights for pooled MT-treated and 
control fish were compared. 
MT-treated  fish weighed significantly 
more than their respective controls af- 
ter 30 culture days (Table 2). There was 
no difference (P=0.16) between final 
mean weights of the 0. niioticus treated 
and control fish. Mean final weights for 
the treated and control hybrids were 
also similar. Only the O.U.  hornorum 
MT-treated fish maintained a significantly 
greater mean weight throughout the 1  SO- 
day experiment in comparison to  their 
controls. The differences in mean weights 
of fish paralleled those of the mean total 
lengths (Table 3). 
Survival of  O.U.  hornorum was 69%, 
significantly lower than the 90% sur- 
vival rate observed among 0.  niloticus 
and hybrids (P=O.  10). Control groups 
of the two species were composed of 
60%  male fish, not significantly differ- 
ent from the 1 :  1 ratio expected for tilapia. 
Only a single female was found among 
the control hybrids. All MT-treated fish 
were phenotypic males. 
These results indicate a growth en- 
hancement effect of the MT, observable 
principally during the sex reversal pe- 
riod. During the remaining months of 
the experiment, differences between 
treated and control groups  were gradu- 
ally  reduced  except  for  the  0.u. 
hornorum fish. Goudie (1  984) found that 
tilapia rapidly eliminated ingested ra- 
dio-labelled MT. Curtis et  al. (n.d.) re- 
ported rapid biotransformation  of MT 
to polar metabolites and their excre- 
tion from tilapia within a few days. 
The prolonged effect of the MT treat- 
ment on genotypically mixed-sex fish, 
which results in growth enhancement, 
is derived from the combination of the 
sex reversal of genotypic  females to  the 
male phenotype and of  any anabolic 
growth effect of  the MT.  It  was not 
possible to observe differences in the 
growth rates between genotypic male 
and female fish of the two species uti- 
lized in the present experiment. 
At the conclusion of the sex reversal 
period, the MT-treated  hybrids had a 
mean weight 10% greater than the hy- 
brid  controls (P=0.05). As the hybrid Table 1. Mean weights (g) for combined MT-treated and control Oreochrom/s urolepis hornorum, 
0.  niloticus and thelr hybrid (0.  nllotlcus x  0.u. hornorum) grown in hapas.  Mean weights for 
each culture period followed by the same lettef are not significantly different (P-0.05) 
Treatment  Culture days 
3 0  60  90  120  150  180 
Control fish  0.80b  S.54b  33.8b  66. l  b  95.0a  119.4a 
MT-treated fish  0.90a  5.83a  37.7a  72.5a  102.2a  IZ2.6a 
Table 2. Mean welghts (g) of Oreochromls urolepis hornorum, 0.  nllotlcus and tilapia hybrids (0. 
nllotlcus x  0.u. hornorum) treated wlth MT and control fish grown In hapas.  Mean weights for 
each culture perlod followed by the same letter are not significantly different (P=0.05). 
Flsh type/  Culture days 
treatment  30  60  90  120  150  180 
- 
0.  nilotkus 
control  0.95b  6.84a  36.0b  77.3a  108.2ab  138.8a 
MT-treated  1.04a  6.93a  41.5a  77.la  100.8b  144.4a 
Hybrids 
control  0.80d  6.52a  40.7a  69.8ab  100.8b  118.3b 
MT-treated  0.88~  6.28a  40.6a  73.8ab  102.6b  117.6b 
0.  u. hornorum 
control  0.65e  3.26~  24.9d  51.3~  66.4d  93.8d 
MT-treated  0.79d  4.30b  30.9~  66.5b  82.6~  1  10.4~ 
Table  3.  Mean weights and mean lengths at completion of the 
30-day. sex reversal perlod for Oreochromis urolepls hornorum, 
0.  niloticus and 0.  niloticus and tilapia hybrids (0.  nlloticus x 
0.u.  hornorum) treated with MT  and control fish grown in hapas. 
Means followed by the same letter are not significantly different 
(P-0.05). 
Fish type/  Mean weight  Mean length 
treatment  (9)  (TL; mm) 
0.  nilo  ticus  0.99a  39.0a 
controls  38. lab 
MT-treated  39.9a 
Tilapia hybrids  0.84b  36.8b 
controls  36.lb 
MT-treated  37.4b 
0.  u. hornorum  0.72~  35.1  c 
controls  33.8~ 
MT-treated  36.413 
fish were all males,  no sex  reversal  Experiment 2 
occurred among the treated fish and the 
growth enhancement observed can .be  Combined MT-treated fish had signifi- 
attributed solely to  the anabolic effect  cantly greater average weights and body 
of the MT.  lengths compared to pooled controls at 30 and 180 culture days (Table 4). 
Similar to the results of experiment 1, 
the MT-treated 0.  niloticus had greater 
average weights than their controls at 
30 culture days (Table 4).  The weights 
of the treated all-female fish were not 
significantly different From controls. On 
culture day 180, treated females were 
significantly heavier than controls by 
16.2%  (P=O. 10). 
MT-treated  Fish  were all phenotypic 
males. No males were observed in  the 
all-female  control groups. Mixed-sex 
control groups comprised 52% males. 
It is  possible, using data from the all- 
female MT-treated groups, to infer the 
weights of genotypic  female/phenotypic 
male fish in the mixed-sex treated fish 
(Table 5).  Taking into account the sexual 
composition of  the mixed-sex control 
group, the inferred weight for a geno- 
typic male MT-treated fish would be 0.56 
and 78.1 g at  culture days 30 and 180, 
respectively. Using a similar procedure 
with the weights of  control all-female 
fish, the weight for control males at 30 
days can be inferred equal to 0.38 g. 
MT  treatment produced an anabolic 
effect  in the genotypic male 0.  ni/oticos 
Fish  which  resulted  in  their attaining 
average weights  55.3Oh and 23.0% 
greater than control males at 30 and 
180 culture days. This represents the 
anabolic growth enhancement of  the  MT 
treatment, independent of any sex re- 
versal effect in the 0. ni/oticos. 
Table 4. Mean  weights and body lengths of Oreochromis niloticus cornblned 
control (mixed-sex and all-female) and combined MT-treated fish (rnlxed- 
sex  and all-female).  Means for each culture day followed by the same 
letter are not significantly different (P=0.10). 
Fish size  30 days  180 days 
Combined control fish 
Mean weight (g)  0.37b  -  54.0l1 
Mean length (TL: mm)  26.7b  142.413 
Combined MT-treated fish 
Mean weight (g)  0.43a  -  62.4a 
Mean length (TL; mm)  27.6a  147.4.3 
Table 5. Observed and inferred welghts  for mixed-sex and all-female 
Oreochromis niloticus at the conclusion of the sex  reversal period (30 
days) and at 180 days. Inferred weights are lndlcated by an asterisk. 
Sex of Fish  Mean weight (g) 
Genotype/phenotype  Treatment  30 days  180 days 
Control  0.38'  64.4 
Control  0.36'  52.5 
MT  0.56*  78.1' 
Female/male  MT  0.39*  56.8' 
Fernale/female  Control  0.36  48.9 
Female/rnale  MT  0.39  56.8 References 
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Abstract 
The  study of constraints  affecting the development of fish culture in rural Cote d'lvoire has 
shown that it  is impossible to use farming methods that require expensive inputs such as supplementary 
feed.  In contrast, farmers are wllllng to devote much of the~r  time to fish culture If thelr work is 
adequately compensated. 
When available, most Inputs really accessible to farmers have a poor nutrltlonal and/or Fertilizing 
value. The efficient use of the limited trophic resources can be done through: (1) the qualitatlve 
and/or  quantltative improvement of the flow of substances  In the dimerent  levels of the pond 
trophlc web (direct feeding,  autotrophlc productlvlty and heterotrophic microbial productivity) 
and (2) improvement of the accesslblllty  to trophlc  resources by the fish. The  present study is 
based on on-farm and on-statlon experiments focusing on: (1  ) the improvement of culture environment 
(treatments based on use of rice bran to which green manure may or may not be added, and on 
combined flsh and rabbit culture) and (2) the use of a substratum made of bamboo or branches 
(acadja) to improve fish accesslblllty  to primary production (attempts to substltute commercial 
feed by acadja system in lagoon pens have already been giving prornlslng results). 
'Current address: c/o PCAMRD, Dr. Alfonso Eusebio Bldg., BPI Economlc Garden, Los Baiios. Laguna, 
Philippines. The results from this study confirm the  importance of adding substrate for primary producers, 
of combining fish  and  rabbit  culture  and  of  uslng green manure For  the  improvement of pond 
production. New approaches  for  research and RhD in low input fish culture are suggested. 
During the last  15 years, consider- 
able efforts have been made to  develop 
tilapia culture in rural environments in 
vast areas of  CBte d'lvoire (see also Koffi 
et al.,  this vol.).  The  extension of 
aquaculture to these areas has been 
based on three types of pond inputs: 
- commercial feed containing about 
25% protein: 
- combined chicken and fish culture; 
and 
- the use,  in the form of a compost 
generally located in  a corner of  the pond, 
of inputs available on-farm and often 
of  low  nutritional and/or fertilizing  value. 
The treatments giving  the highest fish 
yields are-provided  that Fish farms are 
adequately managed-those  consisting 
in  commercial feed and combined live- 
stock farming. However, the we  of  these 
techniques in rural areas is paradoxi- 
cally declining whereas  "poor"  treat- 
ments essentially based on the use of 
refuse from artisanal processing of rice 
or other cereals continue to develop 
(Morissens et al.  1993). For Copin and 
Oswald (1988),  Oswald and Copin 
( 1992),  and Koffi ( 1989  and 1992), this 
phenomenon is basically due to  the fact 
that returns on cash  investments are 
considered by farmers to be lower in 
fish culture than in other agricultural 
undertakings.  In  contrast,  farmers are 
willing to  devote a substantial part of 
their tlme to fish culture if their work 
is adequately remunerated. This trer-~d 
of culture diversification is reinforced 
by  the current crisis affecting cash crops 
(coffee and cocoa). 
Today, the development of fish cul- 
ture in rural areas is influenced to  a large 
extent by the possibility of introduc- 
ing  farming systems that are essentially 
based on labor inputs. The  establish- 
ment of these systems will be all the 
more important as the requirements For 
working capital will be low, even nil. 
In addition, the absence of agricul- 
tural by-products for use in  fish culture 
is a general characteristic in most lvorian 
villages and, generally, on  the African 
continent. Only large villages, with small 
artisanal hulling  machines, can produce 
rice bran or maize bran of  relatively poor 
nutritional and/or fertilizing value for 
local use. In  this context, the challenge 
is to introduce farming systems that 
would eliminate constraints related to 
supply of  inputs for most Farmers. Pre- 
serving self-reliance, the only guaran- 
tee of  a sustainable development in  the 
current context, is a concern that must 
lead to studies on the efficient use of 
fresh plant biomass (grass) for fish cul- 
ture, by perhaps establishing a small- 
scale animal breeding unit  for its  trans- 
formation. 
In this context, the use of resources 
of  low  nutritional and/or fertilizing  value 
is inevitable. One of  the major charac- 
teristics of these "poor" treatments is 
their poor palatability for the fish. Con- 
sequently, their efFect  through direct 
consumption by  the fish is limited, but 
their Fertilizing effect is certain (Dembele 
et al.  1991). 
The more efficient use of  trophic re- 
sources produced by this type of ferti- 
lization is made possible through: 
1.  The qualitative and/or  quantita- 
tive improvement of the flow of sub- 
stances in different trophic levels of  the 
"pond" ecosystem. Solutions proposed 
in  this area are: 
combined rabbit and fish culture 
without supplementary rice bran: combined rabbit and fish culture 
with supplementary rice bran; and 
association of  a  burrowing Fish, 
to  resuspend sediments, and  thus stimu- 
lates the heterotrophic web. 
2.  Improved accessibility of the fish 
to  resources of the trophic web. Here, 
the proposed systems are polyculture 
(systematically practiced in rural areas) 
and the establishment of a substratum 
of bamboo or branches, based on the 
acadja system used for capture fisher- 
ies in the  lagoons  of Benin. Experiments 
using a  bamboo substrate in freshwa- 
ter ponds have shown significant in- 
creases in biomass harvested compared 
to control ponds without artificial  in- 
crease of substrate (Hem 199  1). This 
technique mobilizes the mineral  re- 
sources of  the pond for growth of al- 
gae or related organisms (periphyton 
or aufwuchs)  around the bamboo poles, 
a primary resource that is  accessible to 
fish. In the  ponds  without substrate, most 
of  the  primary production derives from 
nanoplankton that cannot be used by 
filter-feeders such as tilapia  (Spataru 
1977). 
Experiments with farmers combine 
rabblt and fish culture, implantation of 
acadjas and use of  rice bran. Other re- 
lated experiments using green manure 
and acadjas are conducted at the fish 
research station of  the lnstitut des 
Savanes (IDESSA) in Bouake. 
On-farm Experlrnents in Rural 
Midwestern C6te d'lvolre 
Methodology 
The small group of test farmers with 
whom experiments were conducted is 
socially homogeneous (KoFFi et al., this 
vol.). All know fish culture well. Once 
the phase of  pond construction was 
completed, all farmers met problems in 
the supply of pond inputs (rice bran or 
nutrients). This showed the poor level 
of  adaptation OF the  model to  socioeco- 
nomic conditions. However, some  fish 
farmers showed interest in testing new 
production models. In Midwestern Cbte 
d'lvoire, test farmers were extremely 
motivated as  fish culture constitutes  an 
essential activity of  their work calen- 
dar  and their ponds are well constructed 
(dikes, monk drain and drainage system). 
The results presented here are those 
of  culture cycles in farms that are fully 
productive. This production setup im- 
plied a minimum of five ponds (aver- 
age surface = 0.045 ha) of  which two 
were used for broodfish and fingerling 
production. The water used for these 
ponds was not suitable for fish culture, 
with pH values varying between 5.5  and 
7, and very low conductivity (siliceous 
soils or water high in humic acids). 
Innovations for which the farmers 
showed interest were: 
1.  The acadja system: In  ponds that 
can be drained, the implantation of a 
substrate made of  10 bambo0.m-I rep- 
resents an investment that will be am- 
ortized over several years. 
2.  Combined rabbit and Fish culture: 
The association of  livestock to other 
cultures is  always described as a very 
efficient production system. Under small- 
scale  farming conditions, the only 
intensive (battery) production system 
that requires hardly any of the costly 
commercial feeds-and  therefore in- 
volves limited cash expenses-is  rabbit 
culture. Farmers who attempted the 
intensive farming of pigs and chickens 
were soon confronted with diseases 
caused by inadequate feeding practices. 
Moreover, intensive farming systems 
require large quantities of inputs and 
a  working capital that farmers cannot 
sustain. The use of rabbits in integrated 
farming systems has been described as 
promising (Little and Muir 1987). Fish culture here is always based on 
polyculture, the dominant species be- 
ing  the male Oreochromis niloticus in 
association with a strictly carnivorous 
fish (Parachanna obscura or Hemichromis 
fasciafos),  Heterotis niloticus and cat- 
fish (generally, Heterobranchus  isopterus 
and rarely H.  longifilis). Labeo coubie 
was used on two occasions. 
The proposed techniques were derived 
from the results of a biotechnical and 
socioeconomic analysis of the farms. 
Discussions with fish farmers were es- 
sential to  assess their constraints. 
Support services proposed a range of 
techniques among which the farmer 
could  choose. They also had the option 
to  reject the proposed techniques. When 
a particular technique required funds, 
the support services contributed to  the 
investment (purchase of rabbits, trans- 
portation of bamboos,  etc.)  but they 
never contributed to  operating costs. 
It is difficult to  draw scientific conclu- 
sions from the comparison of technical 
results obtained from different fish farmers. 
Too many varying factors are involved. 
However, even under these conditions, 
the results from a single culture operation 
(and its development with time) are 
interesting and their analysis by the fish 
farmers themselves contribute to trying 
new approaches when necessary. 
Technical Results 
Research was conducted on the fol- 
lowing farming systems (see also Ta- 
bles 1 and 2): 
1.  Rice bran-based treatments (Table 
1): 
-  use of rice bran alone; 
-  use of rice bran in  the acadja sys- 
tem; and 
-  use of  rice bran with rabbit culture 
(rabblt pens on stilts). 
2,Treatments without rice bran (Ta- 
ble 2): 
-  rabbit culture alone; 
-  acadja fertilization using  the feces 
of  rabbits reared outside fishponds: and 
-  acadja and rabbit culture (rabbit pens 
on stilts). 
Dlscusslon and Concluslons 
Technical Results 
The acadja production system, and the 
use of rabbits, are excellent techniques 
to complement rice bran-based treat- 
ments. Yields of 2.3 t.ha-'.yeard1  (acadja- 
rabbits) are produced  without any input 
other than grass (fresh plant biomass), 
i.e., this technique does not  require any 
cash expense.  Fertilization is assured 
by  using three rabbits, weighing a total 
of about 5 kg  and producing 800 g  OF 
feces.day-'; which corresponds to  about 
200  g  of  dry  matter  (4.6  kg 
DM.ha-'.day-'). Inputs of dry matter 
remain very low  compared to  the usual 
standards applied to  tropical integrated 
livestock  farming.  i.e..  75-50 kg 
DM.ha-'.day-' (Hopkins and Cruz 1982; 
Morissens et al. 1993). 
It appears, but  this should be  confirmed, 
that the association of  tilapia-Labeo with 
acadja is detrimental to tilapias because 
of  their identical, and therefore, competing 
diet. It seems also that H. IongiRIis is a 
predator of P. obscura, another predator 
of  tilapias. This arrangement would reduce 
effective control of 0. niloticuspopulations. 
Several parameters are still to  be  de- 
fined: stocking densities  for different 
species used,  number of rabbits and 
bamboo density. In any case, the acadja- 
rabbit technique can be efficient only 
if  fish farmers gain mastery of  the stock- 
ing of ponds with carnivorous fish to 
control the proliferation, due  to  sexing 
errors, of tilapia Fry and of  the rlgorous 
management of pond water (no  over- 
flow at the monk drain). Table  1.  Results of culture experiments using rice bran alone, rice bran and acadja, and rice bran with rabbits and 0.04 to 
0.05-ha fishponds. 
Treatrnen  t  Cycle  Species 
Density  Duration  IDGa  Net  yield 
(ind.m-l)  (day)  (g.day-I) (t.ha-'.year-I) 
Rice bran alone 
Rice bran with 
acadjab 
Rice branc  and 
rabbit culture 
in  pens on stilts 
(283 rabbits,ha-I) 
13  rabbits 
/0.046 ha 
Oreochromis nilo  ticus 
0. niloticus 
0.  nifoticus 
0.  niloticus 
Heterobranchus isopterus 
0.  nil0  ticus 
Heterotis niloticus 
fry H. niloticus 
H.  isopterus 
Parachanna obscura 
'IDG:  individual daily growth. 
b6  kg rice bran.day-' and 10 bamboo~,rn-~. 
'6  kg rice bran.day-I. Table  2.  Combined fish and rabbit culture (hutch on stilts), with or without acadla.  In 0.04  to 0.05-ha 
earthen ponds + rice bran. 
Density  Duration  lDGe  Net yield 
Treatment  Cycle  Species  (ind'm-2)  (day)  (g'day-I) (t.ha-Isyear.') 
Rabbits 
(370  rabblts.ha-I) 
Rabbits + acadja 
+ fertilizationb 
Rabbits + acadjac 
(71 rabbits.ha-I) 












3  rabbits1 
0.0425 ha 
2 
7  rabbits/ 
0.045 ha 
Oreochromis niloticus  1.8 
Heterotis niloticus  0.01 
Heterobranchus isopterus  0.1 1 
Parachanna obscura  0.03 
0.  niloticus  1 .Z 
0.  niloticus 
fry 0. niloticus 
H.  isopterus 
Heterobranchus longifilis 
Labeo coubie 
0.  nlloticus 
H. nllotlcus 
fry H. niloticus 
H.  isopterus 
P. obscura 
more fry 
(mean weight about 2 g) 
0.  niloticus 




'IDG:  individual daily growth. 
bAcadjas  and fertilization using feces produced outside the farm. A  bucket of the excreta of eight rabbits 
was poured each day in the pond (an average of 3.75 kg of manure per day corresponds to 500-600 g of 
dry matter. Pond = 0.045 ha). 
'During thls cycle. water management was poor: frequent overflow at the monk drain with posslble negatlve 
effects on production (loss of nutrients) 
Changes in Fish  Farmers' Behavior 
Fish Farmers have been favorably im- 
pressed by increases  in yields and in 
growth rates observed in the cycles 
acadja+rice bran and rabbits+rice bran. 
However, the supply of rice bran is still 
a constraint for them. Surprisingly, the 
model rabbit+bamboo has modiFied the 
behavior of the two fish  farmers con- 
cerned, i.e., they have been devoting 
more time to fish culture since they 
obtained their first results. One of  them 
suggested to plant himself  a second pond 
with bamboos (only  the transportation 
of  bamboo is subsidized). The most  char- 
acteristic comment on their part was: 
"these fish are gifts!" 
Experiments without rice bran did  not 
yield expected results. Yields in  marketa- 
ble fish remained low  compared to  the 
amount of work involved. A significant 
increase in yields is still possible with 
a few improvements in  water manage- 
ment, stocking, and in the number of 
rabbits used. Nevertheless, the motivation expres- 
sed and demonstrated by the farmers 
to  continue the experiment, and their 
appreciation  of  the first  results, are 
encouraging. This will contribute to  the 
establishment of culture systems likely 
to resolve the constraints that today 
hlnder the  development of fish culture 
in rural CBte d'lvoire and generally in 
subSaharan Africa. 
On-statlon Experlments 
Supplementary fertillxation using 
rice bran with dry chicken manure 
or grass 
OBJECTIVE 
The experiment aimed at assessing 
the effects of supplementing  coarse rice 
bran (first polishing) as standard Feed 
in the fishponds with dry chicken ma- 
nure or grass. Dry  chicken manure is 
readily available in peri-urban areas. 
METHODOLOGY 
The experiment was conducted in 400- 
mZ  ponds at  IDESSA fish culture station 
in Bouake using a mixed population of 
0. niloticus males (1.95 ind.m-2)  and 
Clarlas gariepinus (0.25 ind.m-2).  Three 
treatments were applied and replicated 
at  a different time: rice bran alone (con- 
trol); rice bran with supplementary fertili- 
zation using dry chicken manure: and 
rice bran with supplementary fertiliza- 
tion  using fresh grass (Penniselum 
purpureum)  . 
Daily rice bran application rates var- 
ied from 52 kg.day-'.pond-'  at  the start 
of the culture period, to 1 1.6 kg.day-'. 
pond-' at the end of  the period  (sev- 
enth month). For  the  entire production 
period, dry chicken manure was used 
at  a rate of  2.4 kgeday-'.pond2'  and fresh 
grass at 32 I<g.day7'.pond-I.  These two 
fertilization regimes were almost equiva- 
lent in terms of nitrogen input. At the 
end of  the culture period, the quantity 
of dry mtter  used in the ponds reached 
a maximum OF 240 kg. ha7'-day-'  for rice 
bran alone, 300 kg  ha-',day-' for rice 
bran+chiclten manure and 360 I<g,ha-I. 
day-' for rice bran-tgrass. 
RESULTS 
Tables 3 and 4 present the results of 
the experiment. Comparisons of treat- 
ments relying  on  randomized  block 
analysis of variance (ANOVA) did not 
show any significant difference among 
treatments in  terms of  yields for 0. 
niloticus and for combined 0.  niloticus 
and C.  gariepinus,  nor in terms of feed 
conversion ratios. However, results on 
mean daily growth and mean yield were 
higher in  the grass treatments. Addi- 
tional replicates are needed to  confirm 
this trend. The analysis of variance re- 
vealed a "block" effect and significantly 
higher values in  terms of  growth and 
yield for C. gariepinus in  the treatment 
using rice bran+grass. 
DISCUSSION 
Yields  ranging from 4  to 6.3 t.ha-' 
year2'  are "normal" with regard to  feed 
and fertilizers.  We can, of  course, 
question the need to cut and distrib- 
ute 292 t-ha-',year2'  of  fresh grass for 
an increase in production of  1.4 t.ha-' 
year-'  over the volume obtained using 
only rice bran. The remuneration for cut- 
ting the grass depends essentially on 
the quantity of  grass available and its 
proximity, and on the time spent for a 
given harvest. We can estimate, there- 
fore, that an annual distribution of 290 
t.ha-' will  require a minimum of  4,500 
hours of work! However, it is possible 
that in the context of small-scale farming characterized by limited access to rice 
bran and low or irregular inputs of this 
resource, the "grass effect" could be 
more significant even if  the yields are 
lower than those recorded here (see 
above for the yield results in treatments 
using rice bran in on-farm experiments). 
The significant difFerences recorded 
between the grass treatment and the 
other treatments in terms of individual 
growth and yield for Clarjas show a link 
between treatment and stimulation of 
a trophic resource specifically accessi- 
ble to Clarias. This demonstrates that 
in these conditions, polyculture is more 
likely to  optimize the use of this treat- 
ment than monospecific stocking using 
0. niloticus males. 
It would be interesting to assess the 
effect of a grass treatment on a culture 
combining 0. niloticus, catfish, and H. 
niloticus. The burrowing behavior of H. 
niloticus, which is  largely established 
in rural Ash farms, is lil<ely  to promote 
the suspension of  great quantities of 
grass-derived sediments which, in turn, 
promote microbial production (Costa- 
Pierce and Craven  1987; Costa-Pierce 
and Pullin  1989) and may have posi- 
tive effects on the entire heterotrophic 
and autotrophic webs (Schroeder 1983: 
Spataru et  al. 1983). 
In  addition, Following the first tests 
conducted in lagoons and in ponds (Hem 
199  1 ), an experiment was set up at the 
IDESSA  station using four replicated 
treatments. These treatments  conslsted 
in: ( 1  ) using rice bran (without substrate): 
(2) providing a substrate made of 10 
barnb~osem-~  without feed supplement: 
(3)  providing a substrate constituted by 
10 bamb~os.m-~  with rice bran as feed; 
and (4)  providing a substrate made of 
32 branches of Cas~/a.m-~  with rice bran 
as feed. The objective of  this experl- 
mental design was to assess the sig- 
nificance of feed-substrate interaction 
and the ability of a substrate made of 
ordinary branches to provide a verti- 
cal  surface roughly equivalent to that 
of the bamboo substrate. 
The few tests done so  far on-farm as 
well as on-station have not yet led to 
the development of farming techniques 
that would totally free the farmers from 
their input constraints. Further testing 
is  needed  on  systems  combining 
substrate, green manure, polyculture and 
resuspension of sediment, as  well as  on 
the stocking densities best adapted to 
the productivity of these systems. The 
identification of the interactions that the 
association of these techniques involves 
requires much experimental support. 
Ideally, this type of research should be 
supported by a more fundamental study 
of the complex trophic mechanisms that 
link farming techniques and treatments, 
on the one  hand, and farming techniques 
and production, on the other. Regarding 
Table 3. Summary  results From  different tests (net yields in t.ha,'.year")." 
Rice bran-based  Culture system 
treatment  without rlce bran 
Without rabbits  With rabbits  With rabbits 
"Figures in parentheses  represent the number of cycles studied. Table 4. Supplementary fertilization using dry chicken manure or grass in a culture experiment with Oreochromis niloticus and Clarias gariepinus fed 
with rice bran in 400-m2  ponds. 
Density  Individual daily growth  Feed conversion  Yield 
(ind  .rn;=)  (g.day-')  ratio  (kg.ha-l.year-l) 
Species/treatment  Block  1  Block 2  Block  1  Block 2  Meana  Block 1  Block 2  Block  1  Block 2  Mean' 
0.  nifoticus 
Rice bran alone  1.95  1.95  1.12  0.82  0.97  11.91  15.23  5,488  4,023  4.755.5 
(0.15)  (732.5) 
Rice bran + manure  t .95  1.95  1.13  0.92  1.025  10.32  13.57  6,337  4.545  5,441 
(0.1  15)  (896) 
Rice bran + grass  1.95  1.95  1.13  1.16  1.145  10.97  10.06  5,643  5,864  5,753.5 
(0.01  5)  (1  10.5) 
C.  gariepinus 
Rice bran alone  0.25  0.25  0.55  0.30  0.425  11.91  15.23  236  44  140 
(0.125)  (96) 
Rice bran + manure  0.25  0.25  1.56  0.30  0.59  10.32  13.57  379  23  201 
(0.03)  (1  78) 
Rice bran + grass  0.25  0.25  0.96  0.62  0.79  10.97  10.06  674  294  484 
(0.17)  (190) 
'Figure  in parentheses are standard deviations. this point, research work based on two 
complementary approaches is proposed: 
1.  Study of the flow of matter in the 
different levels of  the Food  chain  by 
plotting stable isotopes of  carbon (CIZ 
and Ct3)  (Schroeder  1978, 1983 and 
1987), and investigation on what be- 
comes of  the inajor minerals contrib- 
uted by the treatments (Krom et  al. 1985 
and 1989). 
2.  Companion study on the environ- 
ment potential  trophic resources and 
of the fish's stomach contents (Spataru 
et  al. 1983: Milstein et  al. 1985a, 1985b 
and 1988: Hepher et al. 1989). 
These approaches should  lead to a 
comprehensive assessment of  the im- 
pact of different techniques or combi- 
nation of techniques used at different 
levels of the ecosystem and to the iden- 
tification of  bottlenecks and trophic 
deadends. 
The adaptability of the proposed tech- 
niques to rural  conditions will  be de- 
termined by the fish farmers themselves. 
To  this effect, it  is  important to note 
that the feedback between  fish  farm- 
ers and support services has had a major 
impact on the direction of  the ideas 
presented  here on the use of  "poor" 
treatments. 
It is possible to imagine that a tech- 
nical  model tested in  rural conditions 
(example:  acadja+grass+polyculture in- 
cluding burrowing fish) will be massively 
adopted by farmers. In  this context, there 
will be scope for its rapid optimization 
by the Fish famiers themselves depending 
on their specific constraints. 
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Abstract 
There  are several  tllapia species  (Fam.  Clchlidae) indigenous to Lake  Malafii whose growth 
potential is little known outside their natural environment. Past aquaculture research efforts in 
MalaGi have concentrated on Oreochromis shiranus and Tilapia rendalll. The performance of both 
specles  in ponds is llrnlted by a  high reproductive capacity and slow growth. Therefore,  new 
candidate species for aquaculture, such as Oreochromls lidole, 0. squamipinnis and 0. karongae. 
are under Investigation. 0. lidole grows well in open waters ($'=log,,K+Zlog,,L4=2.79)  but does 
not spawn readily in ponds, while 0.  ~quamipinnisappears  to have a low  growth potential (9-2.58, 
also based on standard lengths). 0. karongae, on the other hand, breeds in  ponds. Selected growth 
comparisons were made between their populations in  Lake Malawi  and those kept In  Fishponds at 
the Natlonal Aquaculture Centre,  Dornasl, Zomba. Their  growth potential is hlgh, wlth $'=2.76 
and 3.03 for the lake and fishpond populations, respectively. Thus, growth performance and spawning 
success in shallow pond make 0.  karongae an attractive candidate species for aquaculture. 
The need to increase fish production 
in MalaGi to keep pace with  increas- 
ing  demand  has  been  recognized 
(DEVPOL 1987; GOPA  1987). One ap- 
proach is  to expand and intensify fish 
Farming  activities. Most  aquaculture 
"ICLARM Contrlbutlon No. 971. 
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research  in  Malawi  has  involved 
Oreochromis shiranus  (a microphagous 
species) and Tilapia rendalli (predorni- 
nantly  macrophytophagous). Tllapla 
rendalli tastes good but is slow-grow- 
ing and broodstocl<s  produce relatively 
low numbers of  fingerlings (Costa-Pierce 
and Chikafumbwa, this vol.). 0.  shiranus 
shows Fast  growth while young  but 
matures early and can become stunted 
in fishponds (Msiska and Cnntrell 1985; 
Pauly et al. 1988; Maluwa  1990). 
The work of  Lowe ( 1952)  and Trewavas 
(1983)  suggest that the search for in- 
digenous tilapias that would  perform better in aquaculture must consider 0. 
karongae and 0.  lidole. Recently, the 
successful breeding of 0.  Itarongae in 
shallow ponds (O.V. Msislta, unpubl. 
obs.) has further spurred interest in this 
species (see  Maluwa and Dixon, this vol.). 
This paper compares the growth of 
0.  karongae,  0.  lidole  and  0. 
squamipinnis  from published data  with 
preliminary  growth studies in  ponds, 
using  I$'  (=log,,K+Zlog,,LJ  (Pauly 1979; 
Pauly and Munro 1984)  as  an index of 
growth potential. The technique was 
chosen because of its demonstrated 
applicability to  tilapias (Moreau et al. 
1986; Pauly et al. 1988). 
Methods 
Capture Fisheries Data 
Mean length-at-age estimates for 0. 
lidole, 0.  saka (now  regarded as  a jun- 
ior synonym of 0.  karongae), 0. shiranus 
shiranus and 0.  squamipinnis  as  reported 
by Lowe ( 1952),  based on samples  col- 
lected in  1945-  1947,  were used to  es- 
timate the von Bertalanffy growth pa- 
rameters (L,;  K)  from which the $' val- 
ues were calculated (Table 1 ). 
Capture and Transportation of  Llve 
Fish to Ponds 
Fingerlings were collected by beach 
seining, assisted by diving For  specific 
schools of  Fish.  For  pond studies, fish 
were obtained from Cape Maclear and 
Kakoma Bay  in  Lake Malawi and from 
Lake Malombe (Fig. 1). The most suc- 
cessful fishifig season was from Janu- 
ary to March, after natural  breeding, 
when most fry had become Free-swim- 
ming. 
Before transferring Fingerlings to  the 
National Aquaculture Centre (NAC), 
Domasi, Zomba, they were kept unfed 
in cages for at  .least 48 hours to  allow 
them to void  their guts. During this 
period, a prophylactic (terramycin) at 
0.1 rng.1.'  and a vitamin premix were 
given by adding the powder forms of 
these medications into the  cages. In the 
absence  of  terramycin,  egocin 
(oxytetracycline hydrochloride and cal- 
cium pantothenate) was used. While the 
former drug is approved by the US En- 
vironmental Protection Agency (EPA) for 
use  on food fish (Schnick 1988),  the  latter 
is commonly used for poultry. 
Growth Trlirls In Ponds 
All  tilapia fingerlings were initially 
stocked into separate ponds, accord- 
ing to  their origin. Various attempts at 
visually separating these immature forms 
into species proved futile, as  were  similar 
attempts by other workers (Lowe 1952; 
Tarbit  1969: Trewavas 1983;  Turner et 
al. 1989).  Thus, identification of fish was 
not confirmed until they had attained 
large sizes of over 100  g  when breed- 
ing colors became conspicuous. 
Sixty 0. karongae fingerlings were 
stocked in each of the two 500-mZ  ponds. 
One of the most reliable  characteris- 
tics used to help separate the three 
tilapias of  subgenus Nyasalapia (O.N. 
lidole, O.N. karongae and O.N.  squami- 
pinnis) is the number of tooth rows on 
the lower jaw and their mode  of arrange- 
ment (Turner and Robinson  1991  ). Be- 
cause this parameter could be used 
without killing Fish, it was extensively 
utilized in this study and fish which were 
classified as 0.  lrarongae but had over 
four rows were  stocked separately From 
those whose rows were less than four. 
The two  groups had, in an  earlier study, 
been observed to differ in  spawning 
requirements (Msislta, unpubl. obs.).  The 
mean size at  stocking was (4D)  19.5+  1.8 
cm TL  and 134.2+38.2 g body weight. 
Further, morphometric measurements Table 1. Estimates of growth of Oreochromls spp. in Lake Malawi (adapted from Lowe 1952). The 
mean length-at-age estimates (total length) were obtained by length-frequency analysis and the 
counting of rings on the opercular bone. Standard lengths are in brackets. 
Age groups 
Species  I  I1  Ill  IV 
0.shiranusshiranus  Length(cm)  10.0  (7.8)  18.0  (15.8)  22.0  (19.8)  25.5  (23.3) 
Weight (g)  16.0  1 10.0  210.0  342.0 
0.  karongae  Length(cm)  12.0  (9.3)  22.0  (19.3)  27.5  (24.8)  30.0  (27.3) 
Weight (g)  28.0  198.0  41  2.5  545.5 
0.  squamiplnnls  Length (cm)  9.0  (7.0)  17.0  (14.3)  24.0  (21.3)  26.5  (23.8) 
Welght (g)  12.0  86.0  264.0  366.0 
0.  lldole  Length (cm)  13.0  (10.3)  23.0  (20.3)  28.5  (25.8)  31.0  (28.3) 
Weight (g)  40.0  220.0  463.5  609.0 
Moza  m b 
Legend: 




32  3 
Longitude  (O E  1 
Fig.  1. Distribution of species of Oreochromls 
subgenus  Nyasalapla:  Lakes Malornbe and 
Mala\it i. were obtained for the two populations 
according to recommendations by Turner 
et al. (1989). 
Five hundred 0.  squamipinnis finger- 
lings were stocked in  a 500-mZ  pond. 
The  mean size at stocking (kSD) was 
16.4+1.7  cm TL  and 91.3k28.0 g body 
weight. Confirmation regarding the iden- 
tification of  these fish was done in  con- 
sultation with G.F.  Turner who has ex- 
tensively studied the taxonomy and 
ecology  of  the  wild  stocks  of 
Oreochromis subgenus  Nyasalapia in 
Lake Malawi. 
Every month, a sample of  20 to 30 
Fish  per pond was taken to record lengths 
and weights. During sampling, fish were 
anesthetized using benzocaine (Ross and 
Ross 1984).  All the fish were fed maize 
bran at 4% body weight which was ad- 
justed downwards to 2.5% body weight 
per day six  days per week, after the 
fish attained an average weight of over 
200 g. Data were collected for  a pe- 
riod of  275 days and 4' values were cal- 
culated from the von Bertalanffy param- 
eters L-  (SL; in  cm) and  K  (year-')  fol- 
lowing Vakily  (1  988). Morphometric 
measurements taken on the two groups 
of 0.  karongae were first converted to 
fractions  of  standard  length and the 
Microstat program of Ecosoft Inc. was 
used  to analyze the data on  an  IBM 
compatible personal computer. 
Results 
Table 2 summarizes the growth pa- 
rameter estimated  From  wild  and cul- 
tured tilapia populations. Pond data are 
restricted  to 0. karongae  and  0. 
squamipinnis following confirmation by 
G.F. Turner that these pond populations 
did not contain 0.  lidole. 
Discussion 
The values of +' determined  for  0. 
karongae, 0.  lidole and 0.  squamiplnnis 
are comparable to or higher than those 
published for tilapias regarded as hav- 
ing acceptable growth performance: 0. 
niloticus  (2.30-3.11  ),  0.  aureus 
(2.3  1-2.6  1 ), 0.  andersonii (2.46-2.63) 
and 0.  mossambicus (2.05-2.60)  (Pauly 
et al. 1988).  If growth performance using 
4' were the only criterion for selecting 
species for aquaculture, then 0.  lidole 
Table  2. Growth performance index  (4')"  and related statistics of wild (Lake Malawi) and captlve 
(National Aquaculture  Centre. Zornba) stoclts of Lake Malawi tilapia species. 
0.  shiranus  Wild  -  27.8  39.0  0.481  2.57  This study 
shlranus  Captive  53.5  -  11.0  9.87  3.08  Pauly et al. 
( 1988) 
0. karongae  Wild  78  1  857  30.3  34.0  0.631  2.76  Lowe (1952) 
Captive  656  -  27.7  1.39  1  3.03  This study 
0.  squamipinnis  Wild  760  758  31.9  33.0  0.375  2.58  Lowe (1952) 
Captive  537  -  23.6  1.739  2.99  This study 
0.  lidole  Wild  891  1,110  31.3  38.0  0.631  2.79  Lowe (1952) 
Captive 
*$' = log,,K+Zlog,,Lm: K(year-I),  L_(cm;  SL) would rank highest, with $'=2.79.  How- 
ever, its reluctance to  breed in fishponds 
should first be resolved before using it 
in aquaculture (A.O.H. Maluwa and M. 
Dickson, pers. comm.). 
Our morphometric data (not  shown) 
suggest at least two variants of  0. 
karongae in the pond populations. The 
presence of several strains in the wild 
has since been confirmed by differences 
in  spawning success and nest charac- 
teristics, and tooth row arrangements 
and pharyngeal  dentition  (Turner and 
Robinson  1991).  Consequently, it has 
been suggested that 0.  karongae is  a 
nominal  species comprising several 
variants of which 0,  salca is a junior syno- 
nym (Turner et al. 1989). 
According  to  Lowe  (1952) and 
Trewavas ( 1983). 0.  lidole is the fastest 
growing  ,Oreochromis  in  Lake Malawi, 
followed by 0,  saka (now 0,  lw-ongae), 
0. squamipinnis and 0.  shiranus shiranus. 
Such differences could not, however, 
be  distinguished by calculating specific 
growth rates. Thus, the estimation of 
4' appears  to  have more practical value 
during initial screening of candidate fish 
species than the conventional specific 
growth rate. More research needs to  be 
done  using this index of growth potential 
to  examine  other species of  Oreochromis 
and/or Nyasalapia. 
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Abstract 
A pond management system and intensified activities were introduced into Mwanza  and Zomba 
West Districts, Malawi, through a development project, with the lntentlon of achievlng hlgher fish 
production and self-reliance amongst the smallholder farmers who had ventured into aquaculture. 
The extension efForts were simple and comprehensible. The major components of the model were: 
a semi-intensive polyculture system wlth Oreochromis shiranus and  Tilapla  rendalli,  a stocking 
density OF two fish (mixed sex) per mZ.  a short culture period (four to six months) and complete 
pond draining at harvest using a locally made basket. Particular emphasis was placed on feeding 
with locally available resources. 
Since January 1988, there has been a significant increase in the overall productivity from 303 
kg,ha.'.year.'  to 804 kg4ha-'.year-' with project farmer cooperators achievlng 1,400 kg,ha-'.year-' 
in  Mwanza. In  Zomba West, farmers exhlblt an average productivity of 1.900 kgha.'.year-I. However, 
observations at Zomba West Extension Statlon showed low average weights at harvest (30-50 g) 
For  both species. This was consistent with what the farmers obtained in their ponds. 
The pond management system has two major constraints: farmers do not have enough of the 
requlred resources (feeds and fertilizers) and the two species of fish do not grow to large enough 
sizes to attract the more adventurous and commerclal~y  mlnded farmers. 
lntroductlon 
In  1988, a  modified pond manage- 
ment system (MPMS) and intensified ex- 
tension activities were introduced  in 
Mwanza and Zomba West Districts in 
Malawi. The major objectives were to 
achieve increased fish production and 
self-reliance among the smallholder 
farmers. It  was hoped that the MPMS 
would eventually spread to  other parts 
of the country where potential for fish 
farming existed. Strong emphasis was 
'Both  authors are now deceased.  Limited quan- 
tities of reprints are available from the senior 
editor. 
placed  on the use of  locally available 
farm resources. The MPMS was devised 
from  trials made at the Zomba West 
Extension Post, Chinscu (Otte 1990). 
The MPMS was not drastically different 
from  the system used  previously and 
it  was thought to offer a  new option 
while decreasing the dependence on the 
scarce extension services of  the Fish- 
eries  Department: a  constraint  to 
aquaculture develbprnent. The MPMS 
placed emphasis on the following: 
A  suitable pond site with a per- 
manent water supply, ideally a perma- 
nent stream or spring which could easily 
be diverted to feed the pond by grav- 
ity. Construction, for new farmers, of 
dr.ain,able ponds of at least 200 mZ  in 
size, because smaller ponds can be 
uneconomical. However, farmers take 
up  fish farming for various reasons and 
for extensionists to insist on the 200 
m'  minimum was  unrealistic.  Farmers 
were encouraged to  minimize the cost 
for pond construction using family labor 
and locally available materials.  ,.  Stocking  with  mixed-sex 
Fivg&lings of Oreochromis  shiranus and 
~ilaGl2  rendalli ( 1  :  1  )  at 2 fish nvZ. 
Feeding with madeya (maize bran), 
the most commonly available feed 
(Msiska 1988)  at rates determined from 
trials at Chinseu. Farmers were advised 
to  feed at  a rate of  4% of the total body 
weight per day. To make such meas- 
yrements understandable to  Farmers, the 
weights of feed were converted to fit 
the  receptacles (plates, buckets and other 
~ontainers)  that the farmer might have. 
The use of various other fish feed (on- 
farm by-products) were  also encouraged. 
*  inorganic fertilization with diam- 
monium phosphate (~AP),  chosen be- 
cause  many farmers  grow maize and are 
encouraged by the agriculture exten- 
sion workers to  apply this fertilizer. They 
may-have  some  fertilizer left over  which 
could be  applied to  Fishponds. RAP is 
hdte  effective in stimulating algal growth 
in.pnds  than other locally available 
fertilizer's. fe he  recommended rate of 
feitilization was  to  be 1  g.m-2.week-'. 
I  Organic Fertilization with livestock 
manure, although most farmers do  not 
hivk enough livestock to accumulate 
manure to  add to the ponds. They were 
en&uraged  to  add as much manure as 
possible and where inorganic fertilizer 
and manure were scarce, cornposting 
of "e-getntion in the  ponds was  encour- 
"ye?. 
Har;/esting  when ihe  fish had pro- 
duced enough fingerlings for the next 
culture period and had attained a mar- 
ketable size: usually  after four to six 
months. 
Harvesting by draining using a lo- 
cally made basket attached to  the  out- 
let pipe and saving the  fry and fingerlings 
and transferring them immediately to 
an adjacent holding pond (10-50 rn2). 
The MPMS stressed the independent 
production of  fingerlings by farmers and 
the farmers ability to  harvest their own 
ponds without dependence on the use 
of a seine net provided by fisheries exten- 
sionists. 
Results 
Zornla West fChinseul 
Up to the beginning of the program 
(June  1988),  the area had been served 
by the Domasi Extension Service and 
there were only seven farmers with a 
total pond surface area of 1.44 ha. There 
were no records of  production. Most 
of these farmers had been assisted by 
an OXFAM project in the late 1960s  and 
early 1970s. By  December 1888,  there 
were 19 Farmers with a  total  of  1.78 
ha of  ponds which yielded 91 7  kg of 
fish. In  1989,  there were 60 Farmers with 
3.5 ha of ponds, yielding 2,467 kg. In 
1990, 89 Farmers  produced 4,3  14 kg 
from 4.8 ha. The number of farmers has 
since risen to  about 100, having a to- 
tal pond area of 5.2 ha and an  estimated 
annual productivity of about 1.9  t.ha-I. 
Betweeh January  and December 1990, 
67 farmers were closely monitored with 
monthly production figures (Table 1). 
M wanra (Kunenekudel 
Until 1987, the Fishe'ries Department 
had  been  providing  very  limited 
extension-services  to  farmers in Mwanza. 
There were two  exte,nsionists,  with only 
one motorcycle, to cover  13  villages Table  1.  Monthly production from  fish  farmers in Zomba  West.  Malawi: January 
to  December  1990. 
--- 
No. of  Total  pond  Fish 
farmers  No.  of  area  production 














'Probably  an  underestimate  because  of  dlfflcultles  collecting  data  during 
the  farmers'  second  culture  period. The  annual  total  may  be  as  much  as 
twice this  figure. 
and 513 farmers having 649  ponds 
covering  6.72 ha. The budget set  aside 
for extension was at  MK1,OOO (USB348) 
per year. At the end of  1987, a survey 
revealed a total production of 2,038 kg 
of fish: about 300 kg.ha2'.year-I. 
In  January 1988,  11 farmers, with a 
total  pond surface area of  2,589 mZ, 
adopted the  program's MPMS concept. 
Six months later, the  net production was 
measured at 123 kg with  an average 
net productivity of 950 kg.ha7'.year-I. 
By  November, the number of  farmers 
adopting the  MPMS had risen to  22 with 
an average productivity reaching 1,400 
kg.ha-'.year-' (Table 2). 
Overali Production 
The total numbers of ponds and farmers 
(1983  to  August 1991  ), For  Mwanza and 
Zomba West, are given in Table 3. The 
figures for 199  1 were extrapolated since 
the data for  1991 were available only 
up to August for Zomba West and no 
meaningful  data were available from 
Mwanza. 
Dlscusslon 
Increased extension efforts have here 
certainly improved fish production. There 
were a  few technical problems with 
launching the MPMS. The harvest method 
by drainage and subsequent handling 
of fingerlings proved very difficult for 
farmers. In  many cases, there was mas- 
sive Fingerling and fry mortality, resulting 
in  increased demand for fihgerlings at 
the extension posts,  rather hefenting 
the self-reliance objective. 
In  Zomba West (Chinseu), extension 
was done in an area where fish farming 
had only been minimally practiced: only 
seven  farmers  were known  at the 
beginning. The Farmer's choke  of pond 
size, whether or not the pond was 
drainabre,  etc.,  depended  on  the 
extensionist. The average pond size here Table 2.  Fish production by the 22 farmers In Mwanza who  adopted 
the MPMS  from December to November 1990 (average culture 
period = 210 days). 
Extrapolated 
Pond  net 
area  Production  productivity 
Farmer  (mZ)  (kg)  (kgha"-year-') 
Table 3. Fish farming development among smallholder Farmers in Mwanza and Zovba West. MaIawI. 
Production factors  1983  1984  1985  1986  1987  1988  1989  1990  1991b 
No.  of farmers  87  225  337  425  513  523  628  559  669 
NO. of ponds  105  300  405  512  690  714  806  818  96 7 
Total pond area (ha)  1.6  4.5  6.1  7.7  9.7  11.2  14.6  15.85  21.67 
Total production (kg)  800  2.700  3.660  4.620  5,820  7.330  16.100  16.600  25.330 
Value (MK)"  1.200  4.050  5.490  6.930  11.640  13.905  32.550  34,360  48.764 
"Malawi Kwacha -2.00 In 1983: 2.7  1  In 1991 ;.  US$1. 
'Extrapolated  data. was about 335 m2  in Zomba West. The 
average productivity in  Zomba West was 
recorded at 1,700 I<g*ha-'.year-',  twice 
that obtained in Mwanza. 
In Mwanza, a lot of ponds had been 
constructed on  sites that would not  allow 
a pond  to be drained by gravity. To the 
farmers, a pond is a small lake which 
is not  drained when Fish are to  be caught. 
Moreover, the use of a basket for har- 
vesting is a strange and unconventional 
method, not easily accepted. 
The emphasis on  a minimum pond  size 
of 200 m2  was viewed as unacceptable 
by farmers in Mwanza: 649  ponds. 
measuring  little more than 100 m2,  had 
been constructed during an earlier pro- 
gram supported by UNICEF. Thus,  the 
200  m2  minimum caused confusion 
among farmers. Under the UNICEF pro- 
gram, any waterbody  was a  "pond," 
regardless OF  size.  Farmers could ex- 
pand its size if they benefitted and as 
they saw fit, but it was difficult to in- 
crease the size of  small ponds because 
of land constraints. After all these ex- 
tension efforts, the average pond size 
was still only about*  1  10  mZ  and as the 
project emphasized farmers with ponds 
of at least 200 m2,  many farmers were 
left out. 
The  quality and quantity of inputs 
required by  the pond  management sys- 
tem  was almost impossible for the farm- 
ers to  comprehend. Maize bran (rnadeya) 
is seasonal and becomes human food 
at some critical times of  the year. Farmers 
cannot afford adequate fertilizer even 
for their maize. The  assumption that 
farmers would have surplus fertilizer from 
the maize or other crops was wrong. 
Although there are a lot of on-Farm 
resources which could be fed to fish, 
the extension workers and farmers do 
not  know of any suitable rates of feed- 
ing. No  systematic work had been con- 
ducted on conversion factors  of such 
resources. Most  of these resources are 
also seasonal and are often available in 
small quantities. Attempts are being 
made  to quantify  these  resources 
throughout the year (see Noble, this vol.). 
The MPMS has been considered to  se- 
lect genetically For  small fish.  Msiska 
(1  988) reported average weights of 
farmed 0.  shiranus of 125 g,  but cur- 
rent average weights are about 70 g 
among  farmers and 40-60 g  at gove,rn- 
ment stations. 
It is very unlikely that the MPMS will 
significantly increase production beyond 
2 teha-'.year-'  among  smallholder farmers. 
Farmers need more technological op- 
tions, including  hatchery and broodstock 
management to  produce better quality 
fingerlings. Also, different methods for 
harvesting, presently being  developed 
at the National Aquaculture Centre at 
Dornasi, should be tried with farmers. 
The experience gained during these 
three years of  extension has given food 
for thought about how  to  contlnue the 
extension program. Virtually all projects 
enjoy a very positive response from the 
target groups when a new Idea/concept 
is being introduced-in  this case a better 
pond management system.  But it is 
obvious that, when only one  optlon is 
given,  it will only benefit a  certain 
percentage of the target group and upper 
limits in outputs are easily reached. If 
we compare the government's yearly 
budget of  MK1,OOO in  extension for the 
Mwanza District with the massive effort 
spent by  this externally-funded project 
in  the same area (years later), it  is clear 
that a positive benefit:cost  ratio.only 
comes out during the first year. The 
relative gain in production in  subsequent 
years, for both Mwanza and Zomba West, 
does not seem to justify the effort. 
It  seems that any project which em- 
phasizes only one model/ technique will 
only achieve part of their goals.  It is 
also clear that when a new  project  comes 
into  an area where another project has already been working, only marginal 
changes may result. 
The most important lessons learned from 
this program are that: (1) any develop- 
ing  country must, at  the beginning of every 
development project, have a clear con- 
cept/strategy which should be strictly 
followed by the various development 
agencies; and (2) such a concept/strat- 
egy must be dynamic. Development means 
change  and when addressing non-uniform 
target groups, it should be  the responsi- 
bility of  those funding  and executing the 
project to  develop and offer a "basket of 
options" to  the target groups, and leave 
it up  to  them to  choose which option(s) 
best suit(s)  their needs. 
The present policy where new projects 
only offer "their solution" will &ntually 
lead to  more confusion and a detrimen- 
tal outcome. Such efforts, time and money 
cannot  ensure  self-reliance  and 
sustainability among farmers. Dynamics 
and coordination seem  to  be two key words 
which should be taken  into account in 
development projects. 
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Abstract 
In Africa, aquaculture has not been successfully adopted although it is the home of tllaplas. A 
major reason is that little account Is taken of the bioeconomic resource base of rural African smallholder 
farmers. Most agriculture is at subsistence level with only a small excess crop production provlding 
a meagre cash  income for  the rural household.  Malawi provides an  example: 85% of its eight 
million people are involved in agriculture with smallholders contributing 84% of the agricultural 
GDP.  However, three-quarters of  thls contribution does not enter the cash economy. Under these 
circumstances, aquaculture will only succeed  if it is integrated into the farming system and is 
based on recycling farm resources such as  crop and livestock residues. Utilizing such materials as 
pond inputs would not only result in production of a valuable crop of fish. but may also improve 
the recycling efficiency of farm resources, thus enhancing overall farm productivity. Before taking 
such an approach, the bioresource base of farms must be estimated. This was done for a variety of 
crop and animal  residues on 20 farms  in Zomba Dlstrict. Malawi. All the farms  had ponds and 
were growing Oreochromis shiranus and Tilapid rendalll. Residues from maize (i.e.,  bran, stovers. 
and cobs) and rlce (i.e.,  bran and straw), weeds from crop and fallow land, and animal manure 
were estimated. All crop residues and weeds were estimated from 50-m2  quadrats placed in several 
fields and fallow areas on each farm. Resource-flow diagrams were produced showlng the direction 
of movement of major crop and animal residues in the farm system.  From thls flow model. it was 
posslble to pick out residues which could be redirected to the pond system  to Improve pond 
fertility and provide direct feed for fish. Some smallholders had grasses and weeds on fallow land 
(approximately end-of-season biomass. 7 t.ha-' dry welght), and ash from cooking fires (over 500 
kg.yearmi per farm,  dry weight) whlch went unutllized In the farm  system. Approximately 2,500 
kg.ha-'.year-' (dry welght) of maize stovers are produced. a part of which could be used directly in 
the pond, or cornposted to produce a high quality pond input. Most farms in this study did have 
unutilized bioresources whlch could be used more efflclently by processing them through fishponds. 
These provlde the potential For  increasing overall farm  efficiency and production, by converting 
low value agricultural wastes into a valuable fish crop at low cost to the farmer. 
Under current economic and environ- 
mental conditions in Ahica, small-scale 
aquaculture for rural families will only 
succeed if it is  ecologically based and 
integrated into the diverse enterprises 
'ICLARM Contribution No.  950. 
bCurrent address:  570 Hillsdale Avenue  East. 
Toronto, Ontario M4S 1V2, Canada. 
which are common to  smallholder Farms. 
The usual commodity-oriented approach 
to aquaculture has limited applicabil- 
ity  in  communities where farming is 
operating at  or close to  subsistence, and 
where cash incomes are too low to 
purchase the required feed and ferti- 
lizer For  Fish culture. The World Resources 
lnstitute and the International Institute 
for Environment and Development (I  988) 
stated that average per caput GNP  in 
Africa was only US$300 in the late 1980s and the position  has worsened since 
then. In  Malawi, which is  the subject 
of  this paper, the  average income of rural 
families is just US$130 per  year and such 
smallholders comprise 75% of the popu- 
lation (Experiments in International Liv- 
ing 1991). 
Low incomes are coupled to  problems 
of land availability. In Malawi, the av- 
erage population density per square 
kilometer of arable land is  169  persons 
and this will rise to  242  by 201 2  if popu- 
lation growth continues at its present 
rate (3.3%  per annum; Experiments in 
International Living  1991  ).  Currently, 
a third of  smallholders cultivate less than 
0.5 ha. Such pressure on land will  re- 
quire new  ways to  regenerate environ- 
ments  and marginal areas so  that house- 
hold income and nutrition can be im- 
proved (Lightfoot 1990). 
Dommen (1988) pointed out that 
African  agricultural  production under 
growing population pressure is a con- 
stant struggle to  maintain soil fertility 
and crop  yields as  fallow periods shorten 
and resources are used more intensively. 
Intensification of  recycling of farm re- 
sources and integration of agricultural 
enterprises will be essential in order to 
maintain farm productivity when avail- 
able arable land is shrinking. Aquaculture 
may provide a partial solution by aid- 
ing in  efficiency of resource recycling 
and farm integration. 
However, small-scale aquaculture has 
not been successful in  alleviating nu- 
tritional problems in rural African com- 
munities or indeed improving the  cash 
income  OF farming families (Noble and 
Costa-Pierce  1992). This is  because 
aquaculture has often been introduced 
as  a stand-alone enterprise in the Farming 
system requiring its own suite of  off- 
farm inputs in  order to  produce a rea- 
sonable crop of  fish (GOPA 1987).  With 
the land and income constraints expe- 
rienced by many smallholder farmers, 
stand-alone enterprises  are  too  risky and 
capital intensive. Therefore, aquaculture 
must operate  within the resource base 
of the smallholder and act  as  a prelimi- 
nary step  to  intensification of efficient 
utilization of on-farm bioresidues and 
integration of  Farm  enterprises. 
On-farm Bloresldues as Feed 
or Fertilizer for Aquaculture 
On Malawian farms, there is  a range 
of bioresidues which could act as suit- 
able feed and/or fertilizer  inputs for 
ponds. These are crop wastes, livestock 
manure and  vegetation from fallow land. 
Ash From cooking fires also has poten- 
tial as a source of nutrients For improving 
pond fertility. 
Materials and Methods 
Assessment of  Bioresidues 
MAIZE RESIDUES 
In  1989,  a small survey was  conducted 
to establish availability of on-farm re- 
sources for aquaculture on 20 smallholder 
farms in  Zomba District,  Southern 
Malawi. These smallholdings all had crop- 
based farming systems with maize as 
the main food staple. Small-scale fish 
farming was  also a minor enterprise on 
these farms. In total, 52x50-mz quadrats 
were placed  in  maize fields on these 
20  smallholdings.  The biomass of maize 
seeds and residues were measured from 
each quadrat. The residues were maize 
cobs,  sheaths,  stalks and maize bran (left 
after seeds have been pounded). 
WEED  RESIDUES 
End-of-season  biomass of  weeds in 
1989 was also measured in 42x50-mZ 
quadrats on  15  farms. Six farms also had fallow land on  which weed biomass 
was estimated in 6x50-mZ  quadrats in 
the same way as  for maize fields. 
In  1990, five SO-m2 quadrats were 
placed on "dambo" areas (low-lying land 
with high water table) on four Farms. 
Six SO-m2 quadrats were placed on fallow 
land with low water table on four farms. 
Productivity of  weeds could be estimated 
because the length of the growth pe- 
riod was known in  each case. 
Production figures for weed growth 
were  initially  calculated  as 
I<g,ha-'.month-'  dry matter (DM) then 
converted to kg.ha-'.year-' DM. Meas- 
urements were made  during  the  wet sea- 
son (1990) and then extrapolated  to 
yearly production figures by assuming 
that high dry areas  have a shorter  grow- 
ing season than low-lying damper ar- 
eas. 
For those weeds growing in  higher 
parts of a farm where surface soils dry 
out in May and remain dry till Novem- 
ber, the production  period was taken 
approximately as six months. For those 
weeds  growing in low-lying soils where 
surface soil  moisture persists till  Au- 
gust, production period was taken as 
nine months. For example, monthly grass 
production for low-lying areas was es- 
timated as 745  kg.ha-' DM which con- 
verts to  6,705  kgha-',year-',  not 8,940 
I<g.ha-'.year-'  if  growing season is only 
nine months. 
DRY MATTER CONTENT 
AND NITROGEN VALUES 
All biomass and production estimates 
for maize products and weeds were 
converted to dry weights by measur- 
ing moisture content of  samples of plant 
material and drying them at 80°C  until 
constant weight was  achieved. Protein 
nitrogen content of  maize residues and 
grasses  was  estimated using data from 
Miller (1975)  and Gohl (1981). 
ASH PRODUCTION IN  HOUSEHOLDS 
Ash production From cooking fires was 
estimated for six households. Total ash 
was collected and weighed after a pe- 
riod  of three to seven days. Samples 
were  taken to  obtain dry weight meas- 
urements. Phosphorus content was es- 
timated using values from jamu ( 1990). 
The number of people involved in pro- 
ducing ash was noted so that ash pro- 
duction per head per day could be es- 
timated. 
LIVESTOCK MANURE PRODUCTION 
This was  extremely difficult to  measure 
and the figures need to  be  treated with 
caution. Chicken manure production was 
estimated from Four  smallholdings by 
measuring accumulated manure over a 
period of days  and converting  to  kg.day-' 
DM. This could only be  done  for chicken 
house manure accumulated overnight. 
RESOURCE PATHWAYS 
Farmers were asked to  indicate what 
happened to  the maize, weed, ash and 
manure residues on their farms and the 
pathways for these resource flows were 
diagrammed. 
Results 
Tables  1  to 4  show the amount of 
bioresidues present on  the  smallholder 
farms in this survey. The most  common 
bioresidue was maize stover (both  hybrid 
and local  varieties combined) with a 
mean production of  approximately 2.5 
t.ha-'.year-' (range: 470-4,930). This 
presents about  186 kg.ha-'.year-' DM 
nitrogen. This material was utilized as 
mulch and turned back into the soils 
or burnt at the end of the dry season 
when  maize  gardens  were  being Table  1.  Average production of  maize residues on farms with fishponds in Mala%i, April- 
May 1989. 
Local maizea  Hybrid malzeb 
Resldues 
kg.ha".year.'  kg/farm  kg.ha-l-year-'  kg/farm 
Stovers  2,479  (185)'  2,552 (190)*  2.789  (208)'  3,068  (229)* 
Sheaths  181  (13)'  172  (13)'  122  (9)'  26  (2)* 
Cobs  281  (21)'  152  (1  1)*  485  (36)'  321  (24)* 
Bran  291  (6)+  297  (6)+  660  (13)+  466  (9)+ 
"Sample of 17 farms, 44x50-m2 quadrats. 
bSample  of three Farms,  8x50-m2  quadrats. 
(  )=Crude protein (CP) nitrogen estimated to nearest 1 kg. 
*CP content taken as 46.6% per 1 kg DM  (Miller 1975). 
+CP content taken as  12.2% per 1 kg  DM  (Miller 1975). Conversions to kg DM  nltrogen 
= CP  content/6.25.  All flgures are dry matter (DM) estimates. 
Table 2. Average terrestrial weed biomass on Farms with fishponds in Malawi, June-July 
1989. 
Herbaceous plants  Grasses 
Environment 
kg.  ha-'  kg/farm  kg-ha-!  kg/farm 
Maize Fieldsa  1,128  1,236  120  (21  191  (2) 
Fallow landb  322  4 1  4.252  (541  2.516  (32) 
'Sample  OF  15 Farms, 42x50-m2 quadrats. 
bSample  of 6 farms,  6x50-m2  quadrats. 
(  )  = Crude protein (CP) nitrogen estimated to nearest 1 kg. CP  content taken as 
approximately 8.0%  per 1 kg DM (Gohl 1981). Conversions to kg  DM  nitrogen = CP 
content/6.25.  All figures are dry matter (DM) estlmates. 
Table  3.  Production OF  grasses  and herbaceous weeds on smallholder  Farms  in Malawi, 
1990. 
Low land/high water tablea  High land/low water tableb 
Plants 
kg,  ha-'-year.'  kg,  ha-'-year-! 
Grasses  6.705k2.763  (86)  4.026k 1,740  (52) 
Herbaceous weeds  1,602r1,233  426+  222 
'Sample  of four farms,  5x50-mZ  quadrats (assuming nine months growth), 
bSample  of four Farms, 6x50-mZ  quadrats (assuming six months growth). 
(  ) = Crude protein nitrogen estimated to nearest 1 kg. CP  content takeh as approximately 
8.0%  per  1 kg DM  (Gohl 1981). Conversions to kg DM nitrogen = CP  content/6.25.  All 
figures are dry matter (DM) estimates. 
?  Standard deviations. Table  4. Ash  production  from  cooklng  flres on  six  smallholder  farms in Malawi in dry  season, 
1990. 
Farms  Number  Number  Total ash  Ash/head 
of people  of days  collected (kg DM)  (kg.day") 
Mean  7.3  4.2  9.2  (0.5)  0.3  (0.02) 
S D  4.9  8.8  0.2 
(  ) = kg of phosphorus.  Phosphorus content estimated at 5.6% per kg DM ash  (Jamu 1990). 
prepared for planting. Fig. 1 shows  the 
major pathways for maize resldues on 
farms in this study. The oiher residues 
(cobs and sheaths) were used as fuel 
for cooking. 
Bran, which is the main food and kr- 
tilizer input for ponds, varied in  pro- 
duction depending  on whether farmers 
grew local or  hybrid maize. Local vari- 
eties of maize produce less bran (mean: 
290; range: 15-489 kg.ha-'.year-' DM) 
than hybrid varieties (mean: 660; range: 
230-91 0 kg-ha-'.year-' DM). Bran as a 
nitrogen source is  also relatively poor 
varying from 6 kg.ha-'.year-' (local) to 
13  (hybrid). 
Weed biomass and production were 
fairly high on  all farms. In maize fields, 
end-of-season biomass for grasses and 
herbaceous plants reached almost 1.5 
t.ha-' and on fallow land almost 4.4 t.ha-' 
(fallow land only occurring on five farms). 
These figures are probably underestl- 
mates of production because they were 
measured after the maize harvests in 
May-June and do  not take into account 
the  weed production removed by farmers 
early in the maize growing seasons. 
Table 3 shows  estimates for grass and 
herbaceous weed production for different 
areas of  farms in  1990. Dry fallow land 
productivity (4.5 t.ha-'.yearA1  DM) is very 
similar to the end-of-season  biomass 
estimates in  1989 (4.4 taha-I  DM) for 
fallow land (see  Table 2). "Dambo" ar- 
eas have the  highest production of  weeds 
(8.4 taha-'.year2' DM)  reflecting the 
greater persistence of high soil mois- 
ture content throughout the year. Ni- 
trogen availability was estimated for 
grasses and varies from 2 kg-ha-'.year-' 
(maize Fields) to 86 kgha-'.year-' (low- 
lying fallow land). 
Mean ash production per household 
of  flve persons per year was 548 kg, 
i.e, 3  1 kg of phophorus usable to  ferti- 
lize ponds (Table 4). 
A mean production of 0.7 t.year-' per 
farm (SD: 0.4) of  chicken manure were 
produced by the four farms monitored 
in the survey which is equivalent to  25 
kg of  nitrogen. 
Dlscusslon 
From  the survey of Farm  resources, 
it is clear there are materials which might 
prove useful as  sources of  nitrogen and 
phosphorus for input to  fishponds. The 
next problem is to  determine if  the  farms 
have sufficient quantities of bioresidues 
to  meet the nutrient demands of small- 
scale aquaculture, without unduly af- 
fecting  use of  bioresidues For other farm 
enterprises. HOUSEHOLD 
Weeds and grasses 




Waste ash discarded 
L  =  Local maize varlety 
-- 
Fig.  1. Composite bioresource flow diagram for a Malawian smallholder Farm  practicing aquaculture. Maize and Grass as Sources of 
Nitrogen for Ponds 
ChikaFumbwa ( 1990  and this vol.) dem- 
onstrated that napier grass (Pennisetum 
purpureum) input of  100 kg-ha7'.day-' 
DM gave  a relatively high on-station fish 
yield (1.4 t.ha-!,year-')  For  7i/apia rendalli 
and Oreochromis  shiranus  in polyculture, 
slightly higher than on-farm (mean: 1 
t.ha-'.year-', Noble and Costa-Pierce 
1992).  Chikafumbwa stated that this in- 
put rate of  napier grass is  equivalent 
to  approximately 1.6 kgha-'.day-'  N (ni- 
trogen). Edwards (1  987) recommended 
that the minimum input rate for nitro- 
gen is  about 8 kg-ha7'*day-'  N  to sup- 
port good algal growth in  Fishponds. 
However, Edwards ( 1987) stated that 
if low quality plant material is  used as 
a  nitrogen source, then maximum in- 
put rate should be adjusted to  the equiva- 
lent of 4 kgaha-'.day-' N  to  prevent or- 
ganic overloading of the pond. 
The average size of ponds in Zomba 
District where the bioresidue survey was 
carried out was 338 mZ  (median: 196 
m2,  SE: 34 m2  for 209 ponds; Noble and 
Costa-Pierce  1992). Table 5 indicates 
the minimum land area which would be 
required to produce sufficient grass or 
maize residues to meet Chikafumbwa 
and Edwards' nitrogen input needs for 
aquaculture. 
Excessive land areas are not neces- 
sary to  produce suFFicient maize stover 
residue to  meet nitrogen input require- 
ments for small Fishponds. Between 0.1 
and 0.3 ha OF maize crops will  supply 
enough crude protein nitrogen  From 
stover residues to  meet the annual needs 
of one 300- to 400-m2 pond. If  farm- 
ers  rely solely on grass from fallow land 
to  supply annual nitrogen input to  ponds, 
then land requirements are higher, 0.3 
to 1 .I ha for 300- to 400-mZ  ponds. 
Fallow areas are scarce because of pres- 
sure to use all available land for grow- 
ing crops. Therefore, fallow land is  un- 
likely to provide significant contribu- 
tions of  nutrients for pond systems. 
Obviously, if  a  farmer does have Fal- 
low areas, grasses and herbaceous weeds 
can provide a  nutrient supplement in 
combination with crop residue inputs. 
Clearly, for many Farms,  sufficient ni- 
trogen could be generated by  maize 
stovers to supply the input needs for 
small-scale aquaculture. 
Maize Bran Inputs for Fishponds 
Chikafumbwa (this vol.) studied the 
effect of combined maize bran and napier 
Table  5. Land area requirements needed to produce grass and maize residues sufflclent  to meet 
recommended annual nitrogen (N) pond input rates for tilapia polyculture. 
Maize area (ha)  Fallow land grass area (ha) 
Pond size (mZ)  A  B  A  B 
A  = land area needed based on input rate of 4 kg.ha-l.day-l  N (Edwards 1987). 
B - land area needed based on input of 1.6 kg.ha-'.day-'  N (Chikafurnbwa, this vol.). 
Nitrogen data From Tables  1. 2 and 3 were used to compute area requirements. grass inputs to ponds. With a grass in- 
put of 1  00 kg.  ha-'.day71  DM  and maize 
bran  input  OF  approximately  24 
kg.ha-',day-l DM, ponds yielded the 
equivalent of 3 t.ha-'.year-' of 0. shiranus 
and  T,  rendall/ in  polyculture. This is 
between two and three times current 
harvest yields from smallholder ponds. 
Farms growing local maize varieties 
produce about 290  I<g.year-'  of bran and 
those growing hybrid, 660 I<g.year2'  (see 
Table 1).  Table 6 shows the maize crop 
areas needed to  support Chil<afumbwa's 
input rates. If  farmers are only grow- 
ing local maize, then relatively large land 
areas are.  needed to supply sufficient 
bran (e.g., 0.9 ha for a 300-rnZ  pond). 
In  contrast, hybrid maize areas can be 
small (0.4 ha for a 300-m2 pond) Le- 
cause hybrid varieties produce large 
quantities of bran on pounding. 
Cooking Fire Ash as a Phosphorus 
and Buffering Source for Ponds 
Jamu (1  990)  demonstrated that cook- 
ing fire ash was an effective liming agent 
for ponds and could act as a phospho- 
rus source. Application of ash at  a rate 
of 0.75 t.ha-' over a two-week period 
neutralized the  decrease in pH created 
by  input  of  maize  stover  at 300 
kg.ha-'.day-' DM. As mentioned before, 
Chikafurnbwa (1  990 and this vol.) found 
that 100  kg.ha-'.day-l DM, in combina- 
tion with maize bran, gave the highest 
fish yields (3  t.ha-l~year-l).  Assuming a 
pond has no natural buffering capacity 
to  counteract lowering of pH by decom- 
position  of  grass, then to neutralize 
Chiltafumbwa's  grass input rates, 6 
t.ha-'.year-l OF ash would be required. 
For a 500-m2  pond, a household would 
only have to produce 300 kg.year-' of 
ash. Average household sizes In  Malawi 
are approximately five persons (ICLARM 
and GTZ  199  1  ). Such a household would 
produce about 550 kg.year7'  of ash based 
on Table 4 and jamu  (1990).  This ash 
production is  well within the requlre- 
ments laid  down by jamu  (1990) for 
ponds  with no natural buffering capacity. 
However, most ponds will  have some 
buffering capacity, so ash production 
needs will probably be much lower than 
indicated above. 
Ash is also a source of phosphorus. 
Edwards (1987) stated that minimum 
input rates for phosphorus to sustain 
algal growth is  0.8 kg.ha-'.day-' (i-e., 
292 kg.ha2'.year-I).  Again, ash produc- 
tion by an average household can pro- 
duce sufficient phosphorus (P) (3  1 
kg.year-' P) to meet the requirements 
of a pond up to 1,000  m2  (29  kg.yea 
PI. 
Integrating Agriculture and 
A qua  culture 
Consideration has only been given 
necessary inputs which could act as  feed 
or  fertilizer  for  ponds.  However, 
aquaculture cannot be operated just as 
an isolated  enterprise receiving farm 
bioresources and not recycling materi- 
als back to  other farm enterprises. Such 
an arrangement is  inefficient and will 
ultimately  lead to resource depletion 
in other parts of the farming system. 
For example, Chimatiro ( 199  1  ) showed 
clearly that ponds act as  nutrient sinks. 
He looked at several farms and moni- 
tored all  inputs to fishponds compar- 
ing them with output of fish. For  four 
ponds, mean ecological  efficiency of 
conversion of plant material into fish 
was 0.8% in terms of energy. Much of 
the plant inputs were probably being 
incorporated into the detritivore sub- 
system, thus leading to accumulation 
of nutrients in the pond mud. 
Chimatiro (1  98  1 ) verified this by us- 
ing pond mud as  fertilizer for cabbages. 
Mud came from ponds that had received 
napier grass as  the  sole input. Cabbage Table 6. Land area needed to  produce maize bran suFficient to meet annual pond input requirements For 
tilapia polyculture. 
Land  area  of  maize  required  to  produce  bran 
Pond  size  (rnZ)  Area  of local  maize'  Are:  3f  hybrid maizeh 
"Local maize varlety,  bran  production:  291  kg.ha".year". 
bHybrid maize variety,  bran  production:  660  kg-ha-'.year-'. 
Input  rate from Chikafumbwa  (1990): 8.8 t.ha-'*year-'. 
yields on pond mud were equivalent to 
120 t.ha-'.year-' compared with  76 
t.ha-'.year7'  for cabbages grown on 
unfertilized  top  soll.  Likewise, 
Chiltafumbwa (unpubl. data) demon- 
strated that very high yields can be 
achieved for vegetables receiving pond 
mud (i.e., approximately 200 t.ha-'.year-' 
of economic  yield for Chinese cabbage). 
Vegetable waste can also be recycled 
back into ponds to  act as  feed and fer- 
tilizer. In the Chinese cabbage experi- 
ment, 74 t.ha-'.year-' in waste leaf was 
produced. If a farmer had at least 100 
m2  of cabbage beds, approximately 740 
kg of  leaf waste would  be generated 
each year. Assuming crude protein con- 
tent to be approximately 2.5%, this 
would only provide 3 kg.yearA'  N.  Al- 
though this appears to be insignificant 
in terms of potential nitrogen input for 
a pond, the leaves may contribute other 
nutrients to  the system. 
Chimatiro (1  991  ) and Chirnatiro and 
Costa-Pierce (this vol.) demonstrated that 
waste cabbage or pumpkin leaves in- 
put at  a rate of 50 kgeha-'.day2' DM into 
tanks with a polyculture of 0.  shiranus 
and T. rendalligave mean yields of  just 
over 1 t-ha-' for a 134-day growth pe- 
riod.  In  Malawi, temperatures are 
favorable for Fish growth for eight months 
of  the  year so  the fish yield figures rep- 
resent approximately 2 t.ha-'.year-'  when 
adjusted for eight months growth. These 
harvest yields are almost twice those 
from smallholder ponds. 
Linking vegetables and ponds in this 
way can also improve income to farm- 
ers. Chikafumbwa found that sales of 
Chinese cabbages generated an income 
of  US$25/month when sold locally in 
villages. Current smallholder incomes 
in MalaliLi average US$ I 1 /month (Ex- 
periments in International Living 199  1  ). 
Thus vegetable-fish integration has the 
potential to improve incomes signifi- 
cantly for farmers with water and land 
resources to incorporate fishponds into 
their farm system. 
Other types of  aquaculture-agricul- 
ture integration  are developing in 
Malawi. Farmers are just  beginning to 
grow rice and fish together. Yields from 
rice-fish ponds vary from 2-4 teha-'.year-' 
for rice and from  1.5-2.4 t-ha-'.year-' 
for fish (Noble and Costa-Pierce 1992). 
Rice yields from fishponds are within 
the yield  ranges  (i.e.,  mean:  3.5 
t-ha-'-year-')  expected from ricefields receiving fertilizer and irrigation (Zomba 
Rural Development Project 1990).  How- 
ever, rice yields from fishponds are  un- 
derestimates because figures represent 
only one  cycle of rice. Farmers are  now 
attempting  to  grow  second crops of  rice 
during the dry season. This will  prob- 
ably raise annual yields of  rice  From 
integrated rice-fish  enterprises above 
3 t.ha-'.year-'. 
A 90-kg sack of unpounded rice costs 
US$18 (50 Malawian kwacha) at  gov- 
ernment agricultural centers. With the 
current yields from rice-fish  ponds, farm- 
ers  can expect to earn USB400  to 
$800ha-',year7'  for the rice irrespective 
of any money earned from fish sales. 
Concludlng Remarks 
recycling of  nutrients within the farm 
system. 
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Abstract 
An experiment to assess the effects of water mixing on production of Nile tilapia (Oreochromis 
n/lotlcus) in fertilized earthen ponds was performed at the Asian Institute of  Technology in  Thailand. 
Male flngerllngs stocked  at  3  fi~h.rn-~  grew to final weights of 106-233 g in 173 days in nine 
ponds of approximately 370-m2 individual surface area. Yields were statistically indistinguishable 
among treatments, averaging 5.4 t.ha-'.year-I in three ponds of 1.5  m depth whose water was 
mixed for two hours each day; 6.7 t.ha.'.year-' in three similar but unmixed ponds: and 6.9 t.ha-'.year" 
in three unmixed ponds of 0.9 m depth. Survlval was significantly lower in the deep mixed ponds 
(72%  compared with 91-93%). Fish grew more rapidly and had larger final weights In the shallow 
unmixed ponds, which had larger standing stocks of phytoplankton. as  measured by chlorophyll 
a,  and greater  rates of gross dissolved oxygen (DO) production per unit volume durlng most of 
the growth period. Treatments  did not differ in gross DO production per unit area. Daily mlxlng 
produced higher nighttime bottom oxygen concentrations up until 2300 hours, but did not change 
overnight DO minima. No treatment-related differences in ammonia concentrations or other water 
quality parameters were found. The oxygen-conserving effect of mixing was not eRective in  enhancing 
production of  this species, which grows and survives well in unmixed ponds. tolerating or avoiding 
waters of low oxygen content. Mixing and aeration strategles must be examined carefully for both 
detrimental and beneficial eRects. 
Tilapias are grown successfully in 
waste-fed  ponds in  warm climates, 
despite characteristic pond conditions 
that would be unsuitable for other spe- 
cies. Warmwater ponds tend to  exhibit 
die1 cycles of daytime density stratifi'- 
cation and nighttime convective mix- 
ing. These create the potential for se- 
vere depletion of  dissolved oxygen (DO), 
particularly near the pond bottom (Boyd 
1980),  but tilapias generally suffer lit- 
tle or no mortality in  such ponds be- 
cause they are tolerant of low DO and 
able to relocate from oxygen-depleted 
zones. Growth may nonetheless be in- 
hibited  under suboptimal oxygen re- 
gimes. Stratification may, in addition, affect 
photosynthetic production of organic 
matter, which is an  important source 
of the cultured animals'  food.  Under 
certain conditions, stratiFication may be 
beneficial in facilitating growth of the 
phytoplankton community; on the other 
hand, depletion OF nutrient elements in 
isolated surface waters may limit up- 
per-layer production of both organic 
matter and oxygen.  Costa-Pierce and 
Pullin ( 1989) discussed observed and 
potential effects  OF  stratification and 
mixing  (including bottom turbation) on 
fish production. They  recognized the 
species-specific nature of the relation- 
ships among fish production, produc- 
tion of microbial biomass and mixing, 
which will be discussed below. 
Szyper et al.  (1771) observed that: 
(1) in  earthen ponds of depths ranging 
from 0.6 to 1.5 m, yields of Oreochromis 
niloticus were proportional to  total stock- 
ing  and fertilization inputs; and that (2) 
daytime pond mixing by internal wa- 
ter circulation can conserve DO during 
the day and improve nighttime concen- 
trations near pond bottoms (Szyper and 
Lin 1990). Because ponds produced 
yields proportional to inputs, deeper 
ponds produced more fish per unit area, 
despite being more Frequently and se- 
verely stratified. It was therefore rea- 
sonable to ask  whether mixing might 
enhance production in deeper ponds by 
ameliorating conditions of low DO and 
potential nutrient-limitation of primary 
production. This paper reports the re- 
sults of an experiment aimed at discern- 
ing the effects of such mixing on pro- 
duction of Nile tilapia. 
M-aterials  and  Methods 
The experiment was conducted in  nine 
earthen ponds of  about 370-mZ  surface 
area, maintained at depths of 0.9 and 
1.5 m, at the Asian  institute of  Tech- 
nology near Bangkok, Thailand. Tripli- 
cate ponds for each of three treatments 
were stocked with juvenile male 0. 
niloticus of 10-  13 g individual weight 
(Chitralada strain: Tangtrongpiros 1988), 
hormonaily sex  determined following 
Guerrero ( 1979) and fertilized weekly 
with chicken manure, industrial grade 
urea and triple superphosphate (TSP), 
as  in earlier experiments reported by 
Szyper et al. ( 197  1  ). Stocking and fer- 
tilization rates  (3 fi~h.rn-~  and 3.5 
gN.m-3.week-',  respectively) were pro- 
portional to pond volume. 
Three ponds were maintained at 0.9 
m depth and never mixed mechanically: 
three deeper ponds (1.5 m) were also 
left unmixed. Three  1.5-m deep ponds 
were mixed from 1500 to 1700 hours 
each day. An 0.5-hp (373 W) submersible 
pump took water in from 80-cm depth 
(below the thermocline) and discharged 
it horizontally at 10 cm, from a pipe  of 
6.4-cm diameter. 
Standard methods were used to es- 
timate physical, chemical and biologi- 
cal properties of the pond ecosystems 
(APHA 1985) with minor modifications 
(Pond  Dynamics/Aquaculture  [PD/A] 
CRSP  1989). Three pooled 90-cm wa- 
ter column samples were taken every 
two weeks from each pond  and analyzed 
for total ammonia, oxidized nitrogen 
(nitrate plus nitrite), total Kjeldahl ni- 
trogen, orthophosphate (soluble reac- 
tive phosphorus), total P, chlorophyll 
a,  total suspended solids (TSS) and to- 
tal volatile-  solids (TVS). Biweekly die1 
sampling programs determined DO and 
temperature at three depths (25 cm 
below surface,  midwater, and 25 cm 
above bottom),  six times during the die1 
cycle (at  0600 hours, 0900, 1200, 1400, 
1800 and the following 0600). Gross 
photosynthetic oxygen production was 
estimated From each biweekly die1 obser- 
vation series (n=  14 dates),  according to a  modiflcation of  the free-water 
method of Hall and Moll (1975). 
Fish were  sampled monthly for length 
and weight (230 individuals taken by 
seining); total crop weight was taken 
at harvest. A  short-term study of die1 
cycles of temperature and DO was con- 
ducted during the  latter halF of  the  trial 
using an  automated monitoring system 
(Szyper and Lin 1990).  Regression analy- 
sis and single-factor ANOVA were  per- 
formed as  described by Sokal and Rohlf 
(1981).  Significance is referred to  P=0.05 
unless otherwise stated. Further analyses 
of effects ofvarious factors on fish growth 
were performed using expanded Gulland 
and Holt plots (1957;  see also Hopkins 
et  al. 1988). 
Results 
Treatment mean values (n=3  ponds) 
of survival, final individual fish weight, 
extrapolated net yield and yieldlinput 
efficiency are presented in Table 1. 
Survival  ranged from 66.7 to 100% 
through the 173-day experiment; the 
mixed deep  ponds showed significantly 
lower survival than the  others (single-factor 
ANOVA). Final  individual  fish  weights 
(pond means) ranged from  106 to 233 
g-fish-'  and were significantly greater in 
the  shallower unmixed ponds. Net yields, 
extrapolated to  a hectare and yearly ba- 
sis, ranged from 4.4 to 9.0 t*ha-')yearr1, 
and did not differ significantly among  treat- 
ments. Yield/input eficiencies ranged from 
1.64  to  5.41 kg  fish.kgN-I, with the  mean 
for shallower unmixed ponds significantly 
greater than for the other treatments. 
The patterns of fish growth (Fig. 1) 
showed that growth was more rapid in 
the  shallow unmixed ponds during most 
of  the  trial and that growth in both sets 
of deep ponds essentially ceased be- 
tween three and four months while 
continuing in the shallow ponds. 
Temperature regimes differed among 
treatments only in  the degree of day- 
time stratification between surface  and 
bottom waters. There were no  treatment- 
related differences in  mean (for three 
depths) water temperatures taken at 
0930  hours on the days of  the die1 
samplings. The mean temperature for 
the experimental period was 27.6'C 
(SD=2.1  "C;  range=22.3-3 1.6). 
There were few treatment-related 
differences among pond DO  regimes. 
The samples taken at 0930 hours dis- 
cussed above showed (1  )  statistically 
indistinguishable mean DO concentra- 
tions among ponds of all  treatments, 
at  all three depths;  and (2)  similar ranges 
during the  trial. Mean surface DO ranged 
from 4.5 to 6.2 mg.1.';  mean bottom 
concentrations ranged from 1.9 to 2.4 
mg.1-'. The deep  circulated ponds pro- 
duced the lowest values in these ranges, 
the shallower uncirculated ponds the 
highest. 
Diel patterns of DO were similar among 
unmixed ponds of  both depths, with 
characteristic bottom DO  levels < 1 mg.1-' 
during most hours of  the  day  and night, 
and diurnal increases in surface waters 
ranging to  maxima >20 mg*17'  (Szyper 
and Lin  1990).  In the mixed ponds, ini- 
tiation OF mixing at 1500  hours promptly 
raised bottom DO concentrations from 
< 1 mg.l2'  to 2-4 mg.1-' with levels > 1 
mg.1-I maintained up  until 2300 hours. 
Mean area specific gross photosyn- 
thetic production of DO was similar 
among ponds of all  treatments, aver- 
aging approximately 16 g O,,m-Z  (Fig. 
ZA). Chlorophyll a (Chl) concentrations 
were greatest in the shallower ponds 
throughout the trial  (Fig. ZB),  as was 
gross DO production per unit volume 
(Fig. 2C). This pattern was also observed 
for total suspended solids and Secchi 
disk depth. Nutrient analyses showed 
concentrations of all dissolved forms of 
N  and P  to  be continuously greater than Table  1.  Survival. growth, yield and yield cfficlency during growth experiments wlth Nlle tllapla 
(Oreochromis nilotlcus) in small ponds of  different depths and wlth or wlthout  mlxing. For  details 
of treatments,  see  text. The  data  presented are  the means and  standard deviations  (SD)  from 
trlpllcate ponds, stocked at 3 fishm+.  Treatment codes are: DM = deep (1.5 m), rqixed: D = deep (1.5 m), 
not mlxed: and S - shallow (0.9 in),  not mixed. 
Survival  Flnal  Individual  Yield  Yield/lnput  effldency 
Treatment  (%)  weight (g)  (kg.ha".year-l)  (kg Rsh.kgN-') 
I 
mean (So)  72.2  (4.9)  123.0  (9.5)  5.426  (876)  .  2.00  (0.31) 
mean (SD)  93.1  (6.2)  112.7  (5.9)  6,71  1  (192)  2.48  (0.08) 
mean (SD)  90.8  (7.0)  188.0  (44.5)  6,904  (1.856)  4.15  (1.11) 
0  Deep, unrnlxed 
Time  (days) 
Fig.  1.  Mean growth patterns of Nile 
tilapia (Oreochromis  niloticus)  In terms 
of length and weight during experiments 
in small  ponds-of deep and shallow 
depths, and wlth and without mechanical 
mixing. See text For  details of treat- 
ments. Points are  means for samples 
of 230 fish from a single pond: data 
for each  pond is  plotted, wlth some 
points overlapping. .  Deep,nxed  1 
Deep,unmixed 
o  Shallow,unrnixed 
40 r 
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Temporal  patterns of (A) gross primary  production 
per  unit area:  (B) chlorophyll a  (Chl) concentration: 
and  (C) gross  primary production of DO per  unit volume 
during experiments In small ponds of deep and shallow depths. 
and wlth and without mechanical mixing. See  text for de- 
tails of treatments.  Each  point represents  the DO produc- 
tion or chlorophyll  concentration  in a slngle  pond on the 
date of biweekly sampling; all  points are  plotted, wlth some 
overlapping. 
those known to  limit  phytoplankton  Dlscusslon 
growth; means were generally lower in 
the shallower ponds, probably reflect-  There was no evidence of  a positive 
ing  the  demand  of  the  greater  effect  of  pond  mixing  on  tilapia 
phytoplankton stocks.  production  during  this  study.  The shallower unmixed ponds produced and 
maintained larger phytoplankton stocks 
than either mixed or unmixed deep 
ponds. These larger stoclts presumably 
constituted a  direct and/or indirect 
source of food for the  fish (through the 
food web: Orachunwong et al. 1988). 
Phytoplankton stock and the primary 
production per unit volume are  the  only 
factors differing sufficiently to  account 
for the more rapid  fish  growth in  the 
shallower ponds. 
Inclusion of volume-based gross  pri- 
mary production  (GPP) substantially 
improved the  fit of the  Gulland and Holt 
model. Without consideration of GPP, 
the  fit showed  an R2=0.32  (df=S2).  When 
GPP is added to  the expression: 
where ALlAt is  the change in aver- 
age  length divided by the  length of sam- 
pling period At; L is average length dur- 
ing the period; and GPP is the average 
gross DO production per unit volume 
during the period, the fit of  this rela- 
tionship is  RZ=0.52  (dF=5  1). 
Mixing appeared to  have little effect 
on  most  other ecosystem properties. The 
two sets of  deep ponds exhibited 
overlapping  ranges  of  measured 
parameters  on most sampling dates.  The 
enhancement of bottom DO levels by 
mixing appears to have been of  little 
consequence  to  Fish  growth  and 
production.  If a  mixing effect can be 
discerned here, it is a negative one  on 
survival. The visible clay turbidity, seen 
in all ponds, does not account for this 
difference as  levels of  total suspended 
solids did not differ among  treatments. 
It is possible that mixing in deep  ponds 
inhibited  early  development  of 
phytoplankton  stoclts during the first 
two  months by destroying stratification 
during  the  time  of  highest  DO 
concentration  in  unmixed ponds. The 
sampling regime used here does not 
permit detection of  such an effect. 
The results of this study are  consist- 
ent with those reported by Szyper et 
al. (1  99  1) from an earlier comparison 
among  ponds of different depths, in that 
similar area-specific gross DO  produc- 
tion was  observed in ponds of  all depths. 
Actual DO production rates were much 
greater (1  50-200%) in this study, how- 
ever, as were the Fish  yield/input 
efficiencies, reflecting the  increasingly 
effective fertilization protocols under 
development by the PD/A CRSP (Knud- 
Hansen et  al. 199  1  ). Fish yields during 
this study were somewhat greater than 
in  the earlier work, but stocking den- 
sities were greater here in about the 
same proportion. 
The two studies differed in relation- 
ships between pond depths  and  yields. 
Based on the earlier results, we expected 
yields from deep  ponds  to  exceed those 
from shallow ones in  proportion to  the 
volume-indexed inputs (deeper ponds 
received  more fish and fertilizer). In- 
stead, we observed statistically indis- 
tinguishable area-specific yields From 
ponds of the two depths. During this 
study, ponds within treatments exhib- 
ited substantial variation in yield, rather 
greater than that seen in the  earlier study, 
and there were fewer replicate ponds 
at  each depth. 
There has been relatively little study 
of mixing effects on pond production, 
particularly compared with the  common 
demonstration of  positive aeration 
effects. Lorio ( 1990)  reported enhanced 
production of channel catfish in mixed 
ponds; Fast  et at. (1988) found no 
significant effect of mixing on shrimp 
production.  Costa-Pierce  and Pullin 
(1989) discussed  unpublished  data 
indicating  enhanced growth  of  0. 
mossambicus  in  ponds subjected to 
stirring of both water and sediments. 
All  of  these studies differed from the present one  in that prepared feeds were  Acknowledgements 
used. 
The ambiguity attending effects of 
mixing on pond production can lil<ely 
be attributed to the diversity of  rela- 
tionships among  cultured species, pond 
microbial communities and die1 oxygen 
regimes in ponds. The hypotheses pre- 
sented by Costa-Pierce and Pullin (1989) 
are direct reminders of  this point in many 
cases, and are indirectly  related to it 
in others. The review presents consid- 
erable support for potential general 
enhancement of total microbial produc- 
tion by various mixing strategies. Dif- 
ferent forms of mixing, however, affect 
die1 oxygen regimes very differently, 
and these then interact with cultured 
species and their different sources of 
food,  as  the  authors recognized. These 
latter factors might well confound the 
influence of  a positive effect of mixing 
on total microbial production, even when 
the total  microbial  community is  the 
major food source. A  general connec- 
tion between total microbial  biomass 
production and enhancement of  crop 
production should not be expected. 
Failure of the  present controlled experi- 
mental application of  water-column 
mixing  to enhance  either  fish  or 
autotrophic microbial production weighs 
against such generality, though t~tal 
microbial production was not assessed 
here. 
Fertilization  experiments with  Nile 
tilapia show  increasingly that yields are 
connected with either inputs aimed at 
enhancement ~Fautotrophic  production, 
or with actual measured levels of such 
production (>I<nud-Hansen  et al. 199  1. 
1993).  The results presented here are 
consistent with this developing trend. 
One  pertinent question to  be addressed 
in  our work is  whether the nature of 
this connection is mediated more im- 
portantly through Food itself or through 
die1 oxygen regimes. 
This research is a component of the 
Pond Dynamics/Aquaculture (PD/A) Col- 
laborative  Research Support Program 
(CRSP)  supported by the  US Agency for 
International  Development, Grant No. 
DAN-4023-G-SS-7066-00,  and by con- 
tributions from the University of Hawaii, 
the University of  Michigan, Michigan 
State University, the Roqral Thai Depart- 
ment of Fisheries and the Asian Insti- 
tute of Technology. This is  HlMB Con- 
tribution No. 907 and PD/A  CRSP  Ac- 
cession No.  1  OF) 1. 
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Abstract 
Post-yolksac  Florlda red tilapia (Oreochromis sp.)  fry (avg  wt 0.010 g) were stocked in 530-1 
cylindroconical tanks at 5.7,  9.4 and 13.2-I-'  and reared for 30 days on an androgen-treated diet 
to induce sex  reversal. Tanks  were supplied with recirculated  brackishwater (1  1-12 ppt). Final 
weights (avg  0.478 g), coefficients of varlation (CV) of  weights (avg 64%) and survival (avg 58%) 
did  not differ signlflcantly (b0.05)  among treatments. suggesting that higher densities are feasible. 
In another study, post-yolksac fry (avg wt 0.014 g)  were stocked at 5.7 fish-I-' and reared for 40 
days under intermittent broadcast feeding (BF) or contlnuous automatic feeding (AF). Final weights, 
coefficients of  variation of  weights and survlval were significantly (Ps0.01, 0.05 and 0.05, respectively) 
higher in  the AF  group (4.04 g, 79% and 56%) than in the BF group (1,43  g. 70°h and 38%). Thus, 
continuous AF produced higher fry survlval and growth, but with greater variation in growth. 
Intensive saltwater tank culture may 
be preferable to large, open ponds for 
production of  tilapia seed in  tropical or 
I  arid coastal areas where Freshwater re- 
sources are often limited  (Hida et al. 
1962; Uchida and King 1962;  Al-Ahmad 
et al. 1988; Ridha and Cruz 1989; Ernst 
et al. 1991).  The technical feasibility For 
commercial-scale production of  FloTda 
red tilapia ( Oreochromis sp.) seed (eggs. 
yolksac fry and post-yolksac fry) in 
brackishwater  ( 12-  18 ppt) tanks was 
demonstrated  in  earlier  studies 
(Watanabe et al. 1989: Ernst et al. 1991 ; 
Smith et al. 199  1 ; Watanabe et al. 1992). 
Information  concerning survival  and 
growth of  seed is also required for eco- 
nomic assessments. 
Stocking  densities  and  feeding 
regimens in  fry culture tanks are often 
not quantified in tilapia hatcheries and 
many  culturists  "overstock"  to 
compensate for cannibalism (Macintosh 
and De Silva 1984).  High infrastructural 
and labor requirements of  intensive tank 
culture necessitate that stocking densities 
and feeding regimes be optimized. The 
purpose of  this study was twofold: (1) to assess production of  sex reversed 
Florida red tilapia fry under intensive, 
brackishwater tank culture at different 
stocking densities; and (2)  to  compare 
production under intermittent broadcast 
feeding and  continuous  automatic 
feeding, under commercial hatchery 
conditions. 
Materials and Methods 
The study was conducted at the Car- 
ibbean Marine Research Center tilapia 
hatchery (Ernst  1989) located on Lee 
Stocking Island (Exuma Cays, Bahamas). 
The red tilapia broodstock used is  a 
commercial strain known as  Florida red 
tilapia, descendants of an original cross 
of Oreochromis uro/epis hornorurn and 
0.  mossambicus (Behrends et  al. 1982). 
Yearclass-one breeders were maintained 
in recirculating brackishwater (1  2 ppt) 
tanks (34.2-m2)  at a ratio of 180  females 
to 60 males. Seed, consisting of eggs, 
yolksac fry and post-yolksac (i.e.,  Free- 
swimming) fry were collected by remov- 
ing clutches from mouthbrooding females 
(Ernst et  al. 199  1 ) over a period of three 
days. Free-swimming fry were maintained 
in indoor 530-1 tanks at 12  ppt, whereas 
eggs were incubated in 6.5-1 upwelling 
jars  supplied with recirculated  brack- 
ish-water (1  2  ppt). Swim-up fry  (i.e., 
swimming yolksac fry) were transferred 
daily to 530-1 tanks until sufFicient num- 
bers were available for the experiments. 
Production of  Fry  under Different 
Stocking Densities 
Post-yolksac fry (avg  wt 0.01  0 g;  total 
length 9.6 mm) were stocked gravi- 
metrically into 10, 530-1 cylindroconical 
tanks at  5.7 fish.12' (3,000ltank)  (three 
replicates), 9.4 fish.1-' (5,000ltank)  (four 
replicates) and 1 3.2 fish.1-I (7,000ltank) 
(three replicates). Coefficients of vari- 
ation (CV) of  initial weights averaged 
35% (Table I ). No significant (P>0.05) 
differences among treatment groups 
were observed for initial weight, length 
and CV  of weights (Table 1). Average 
density ranged  From  0.054 g.12' (5.7 
fish.1-I) to  0.128 g.1-' (1  3.2 fish.1-I) (Ta- 
ble 1). 
Fry were fed Purina Trout Chow (48% 
protein) containing 17a-ethynyltestos- 
terone (60 rng.kg2' feed) for 30  days 
(Cuerrero 1975)  five times daily (at  0800, 
1000, 1200, 1400  and 1600  hours) to 
30-minute satiation and rations were 
adjusted daily depending upon the 
amount of food remaining on the tank 
bottom the'  next morning. 
To monitor growth, a sample of  100 
fish  from each tank was weighed and 
measured (total length) on days zero 
and 30, whereas 50 fish were sampled 
on days 10  and 20. Sampled Ash were 
not replaced. To assess survival,  the 
number of fish  remaining in each tank 
on day 30 was determined gravimetrl- 
cally. 
Rearing tanks were supplied with dif- 
Fused aeration and water was recirculated 
through a biofilter (Ernst 1989).  Maxi- 
mum (30.4+0.1 "C=meank s.e.)  and mini- 
mum (29.7+0.2"C) water temperatures, 
salinity (1  1.6k0.2 ppt) and dissolved 
oxygen (6.0k0.3 mg.12')  were measured 
daily. NH,-N  (O.38-tO. 19  mg.1-I), NO,- 
N (0.08+0.04 mg.12'),  alkalinity (232k1  1 
mg.1-') and pH (8.37+O.l4) were meas- 
ured weekly. 
Production of  Fry  under Intermittent 
Broadcast Feeding and Continuous 
A utomatic Feeding 
In another study, post-yolksac stage 
(avg wt 0.014 g; total length 9.4  mm) 
were stocked into six, 530-1 cylindroco- 
nical  tanks at a  density of  5.7 fish.1-I 
(3,00O/tank) and reared for 40 days under 
intermittent broadcast feeding (BF) or Table  1. Growth performance of post-yolksac Florlda red tilapia (Oreochromis  sp.) reared For  30 
days in brackishwater (1  2 ppt) tanks (530-1) at three stocking denslties. 
Stocking density (flsh.171) 
5.7  9.4  13.2  P* 
lnltlal 
Weight (g)  0.010  * O.0Ol1  0.01 1  +  0.001  0.010  t 0.0003 
Length (rnrn)  9.7  * 0.2  9.7  +  0.1  9.4  +  0.1 
CV of  weights2  34.2  +  1.6  33.4  t 3.8  37.1  +  8.2 




CV of weights(0/0)~ 





*  Probability level when ANOVA was significant. 
I Data are presented as means k  s.e.  (n=3 for 5,7  and 13.2.1-1:  n=4 for 9.4.1.').  Means within a row 
followed by different letters are signlflcantly different (Pc0.05.  SNK). 
CV = coefficient of variation = s.d:lOO/rnean. 
SGR = specific growth rate - [(In final wt - In initial wt) .100]/At. 
FCR = feed converslon ratio = dry wt fed/wet wt gain. 
continuous  automatic Feeding (AF).  Three 
replicate tanks were  set  up  for each treat- 
ment. CV  of the initial  weights aver- 
aged 44.7%  and biomass density aver- 
aged 0.08 g.1-' (Table 2).  No significant 
(PrO.05) differences among treatment 
groups  were observed For  initial weight, 
length, CV  of the initial weights or 
biomass (Table 2). 
Fish were  fed the hormone-treated diet 
For 30 days, then a nontreated diet for 
the remainder of the study. Under the 
BF treatment, fish were Fed  Five  times 
per day (0800, 1000, 1200, 1400,  and 
1600  hours) by broadcasting feed manu- 
ally over the top of the tank. At each 
Feeding, fish  were Fed  to satiation up 
to  30 minutes and rations were  adjusted 
daily depending upon the  amount of food 
remaining on the  tank bottom the next 
morning. 
Under the AF treatment, fish were Fed 
continuously over a period of eight hours 
(0830-  1630  hours) using automatic belt 
Feeders (Zeigler Bros.  Inc., Gardners, 
Pennsylvania, USA).  Fish  were fed to 
satiation, with rations adjusted as  de- 
scribed above. 
One  hundred fish were  sampled From 
each replicate tank on days I, 10, 20, 
30 and 40,  weighed and measured, but 
were not replaced. To assess survival, 
the number of  Fish  remaining in  each 
tank  on  day  40  was  determined 
gravimetrically. 
Maximum (30.5_t0.1  "C)  and minimum 
(30.1  +0.l  "C)  water temperatures, sa- 
linity (1  1.4k0.3 ppt) and dissolved oxy- 
gen (6.O+O. 1  mg.1-I) were measured 
daily. NH,-N  (0.39-tO.06 mg.1-'), NO,- 
N  (0.08+ 0.03 mg.12'), alkalinity (1  69~7 
mg.1.') and pH (8.1  1  k0.06)  were  meas- 
ured weekly. 
Treatment means for Fish  weights, 
lengths, CV of the initial weights, growth 
rates, survival, Feed conversion ratios, Table 2.  Growth performance of post-yolksac Florida red tilapia (Oreochromls sp.)  reared For  40 
days in brackishwater (1  2 ppt) tanks (530 1)  under intermittent broadcast feedlng and continuous 
automatic feeding. 
Feeding method 




CV of  welght" 
Biomass (g.1-I) 
Final 
wt  (g) 
Lt (mm) 
CV of weight (%)b 





'Probability  level when a significant difference between treatments was observed. 
"Data are presented as  means * s.e.  (n=3). 
'CV  = coefficient of varlatlon = s.d:lOO/rnean. 
'SGR  = speclflc growth rate = [(In flnal wt - In initial wt),  lOO]At. 
OFCR = feed converslon ratlo = dry wt fedfwet wt gain. 
biomass and yield were compared by 
ANOVA. Multiple comparisons among 
means were performed by the Student- 
Newman-Keuls test. The signiFicance 
level for all tests was Pr0.05. 
Results 
Productjon of Fry  under Different 
Stocking Densities 
Mean weights of fry reared under the 
different stocking densities were simi- 
lar throughout the 30-day study. Final 
mean weights and lengths (avg 0.478 
g, 9.6 mm), CV of  weights (avg 64%) 
specific  growth  rates  (avg  12.8% 
bw.day-') and survival (avg 58%)  did  not 
differ  significantly among treatments 
(Table 1). 
Feed conversion ratio was significantly 
(P<O.Ol) higher among fish stocked at 
a density of  5.7.1"  (2.32) than among 
those stocked at 9.4.1-' (1.22)  and 13.2.1-' 
( 1.3  1 )  (Table 1  ). 
Final biomass increased significantly 
(P<O.OOI ) with increasing stocking den- 
sity and ranged  from  1.25 g.1-' (2.87 
fish.1-I) to 3.84 g.1-I (7.56 fish.1-I) (Ta- 
ble 1). 
Production of Florida Red Thpia 
under Intermittent Broadcast 
Feeding (SF1  and Continuous 
A utomatic Feeding (A  F) 
Mean weights OF  fish  in  the BF  and 
AF groups remained similar through 20 
days, but diverged thereafter (Fig. 1). 
After 40  days, mean weights and spe- 
ciflc growth rates were markedly higher 
in the AF group (4.04  g, 14% bw.day-I) 
than  in  the BF group (1.43 g, 11.9% 
bwday-I),  with highly significant (P<0.01) 
differences observed among treatments 
(Table 2). CV  of  the Final  weights was 
significantly higher in the AF (79%)  group f  Broadcast  +Automatic 
1  I  - 
0  ?a  40 
Time  (days 
Fig.  1. Growth  of post-yolksac Florida  red  tilapia  (Oreochrom/s sp.) fry  over 40  days in  530-1 
brackishwater (12  ppt) tanks under intermittent broadcast and continuous automatic feedings. 
than  in  the BF group (70%) (Table 2, 
Fig. 2). 
Survival was higher and feed conver- 
sion ratio lower in  the AF  (56%  and 0.74) 
than  in  the BF group (38%  and 2.87), 
with  significant differences observed 
among treatments (Table  2). Final 
biomass and yield  were higher  in the 
AF  (1  3 g.1-I and 3.27 fish.1-') than in  the 
BF group (3.25  g.ldl,  2.24 fish.1-'),  with 
significant (P<0.001  and Pg0.05, respec- 
tively) differences observed among treat- 
ments (Table 2). 
Fish  in  both  treatment groups were 
initially fed at  17%  bw-day-'.  Total feed 
dispensed to each tank over the 40-day 
study was significantly (P<0.01)  higher 
in AF  (avg 5,082k47  g)  than in  BF tanks 
(avg 4,596k84 g).  However, on day 40, 
feeding rate in the AF  group (4.52+0.17°h 
bw.day-l)  was significantly (P<0.01)  lower 
than  in  the  BF  group  (16.5k2.6Oh 
bw.day2'). 
Dlscusslon 
Under commercial hatchery conditions, 
growth and survival of  post-yolltsac Florida 
red tilapia fry in  brackishwater tanks were 
not  impaired  under  stocking densities 
ranging from 5.7 to 13.2.1-', suggesting 
that higher stocking densities are feasi- 
ble to increase production. This  is con- 
sistent with the results of  laboratory studies 
showing that survival and growth of post- 
yolksac 0.  mossambicus and 0.  nlloticus 
x 0. aureus hybrids in freshwater aquaria 
were not correlated with stocking density 
over the range of  2- 12.1-' (Macintosh and 
De  Silva 1  984). 
Average survival under all  stocking 
densities in the present study (58%)  was 
comparable  to that reported  for  0. 
spilorus (4648%)  reared at densities of 
2-8-1.' in 0.5-m3 low-salinity (3-4 ppt) 
tanks (Al-Ahmad et al. 1988).  Although 
higher survival rates have been reported Weight class 
Fig. 2.  Weight frequency distrlbution of Florida red tllapla (Oreochromis sp.)  Fry  reared for 40  days 
in 530-1 brackishwater (1  2  ppt) tanks under intermittent broadcast and continuous automatic feeding. 
Weight class  1  refers to a weight range of 0.30 to 1.28 g  with each subsequent class Increasing by 
0.98 g to a maximum of 15 g. Weight class 0 refers to a weight range of c0.30 g. 
for 0. niloticus (78.1  %) (Guerrero and 
Guerrero 1988) and 0. aureus (82.3- 
96.8%) (Snow et al. 1983)  in  freshwa- 
ter tanks (7.3-  10  m3),  much lower stock- 
ing densities of  0.062-0.25.P'  were used. 
Under all stocking densities. few dead 
or moribund fish were observed dur- 
ing the study, suggesting that most 
mortalities were due to cannibalism 
(Uchida and King 1962: Macintosh and 
De  Silva 1984; Pantastico et al. 1988; 
Watanabe et al. 1992).  However, similar 
growth variation (i.e., CV  of weights) 
and  survival under the different densi- 
ties suggest that behavioral interactions 
(i.e., aggression among fish) were not 
influenced by  stocking density (Brett 
1979), within the ranges used in this 
study. 
Continuous AF produced better feed 
conversion ratios and higher growth and 
survival of post-yolksac fry than inter- 
mittent BF, perhaps because the  digestive 
system of tilapias is  adapted to proc- 
ess a continuous supply of small quan- 
titles of food (Jauncey  and Ross 1982). 
As observed for fish  reared  under 
different  stocking  densities,  most 
mortalities of  Ash  reared under AF  or 
BF  regimes were due to cannibalism. 
However, AF, with continuous availability 
of  food, may have lowered the  tendency 
for cannibalism among fry  and thus 
improved survival. In 0. nilotkus, can- 
nibalism of fry fed manually three times 
per day was inversely related to rate 
of  feeding (6.  12 and 24% bw.day-'1 
(Macintosh and De Silva 1984).  In  the present study, more food was delivered 
to the AF  tanks, but the feeding rate at 
the end of the study was much higher 
in  BF  than in AF tanks (1  6.5  vs. 4.52% 
bw.day-') due to the relatively  high 
biomass in the AF  tanks. Thus, feeding 
regime may be more important than 
feeding rate in  reducing cannibalism. 
Growth variation was higher under AF 
than BF.  Under AF, the introduction of 
small  quantities of  food to the water 
surface over a conFined area may have 
enabled dominant individuals  to mo- 
nopolize feed more effectively than under 
BF, where relatively large quantities were 
delivered over short periods. This may 
have intensified a size-hierarchy effect 
(Koebele 1985) in automatic-fed tanks. 
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Abstract 
3 
Sex reversed male Florida red tilapia (Oreochromissp.) fingerlings (5.36 g avg  wt) were stocked 
in nine seawater (37 ppt) pools (10 m3)  at  densities of 15. 25. and 35 fish.mL3  and reared for 150 
days on  diets containing 32% and 20% proteln. Each pool  was supplied with  aeration and flowthrough 
seawater (800%.day-I). After 150 days, no  significant (P>0.05) dlfferences among treatments were 
observed in fish weight (avg 462 g), speclfic growth rate (avg 2.98%,day-'),  weight gain (avg 
3.04 g.day-'), survival (avg  94.4%).  feed consumption (avg 5.1 7% bw.day-I)  and conversion ratio 
(avg 1  .SO). Coefficients of  variation of initial  and final weights averaged 34.4% and 22.8%. respectively, 
and dld not differ significantly (P>O.OS) among treatments. Final blornass (kg.m-=)  increased with 
increaslng stocking density from 6.69, for tanks stocked at 15 fish.rm3, to 15.4.  for tanks stocked 
at 35 fi~h,m.~.  The results demonstrated that growth and survival in seawater were not impaired 
and that growth variation was not increased under stocking densities up to 35 fish.m-',  suggesting 
that even higher densities are feasible to intrease production. 
Parasitosis by a marine monogenean (Neobenedenla  rnellenn was occasionally observed In  fish 
under all densities. Treatment wlth brackishwater (18 ppt for 72 hours) alleviated symptoms of 
parasitosis for perlods of 26-91 days. 
Intensive culture of  salt-tolerant 
tilapias in flowthrough seawater tanks 
may be commercially feasible on Car- 
ibbean islands and other tropical coastal 
regions where seawater is abundant and 
favorable temperatures exist year-round. 
but where land and freshwater resources 
are  limited (Watanabe 1991).  The suit- 
ability of  the Florida red tilapia strain 
(Oreochromis sp.) for culture at high 
salinities has been demonstrated by high 
growth rates and efficient feed conver- 
sion from fingerling to large, rnarket- 
size fish in seawater (36  ppt) pools (Ernst 
et al. 1889:  Clark et  al. 1990). 
Although there have been a number 
of  studies on the effects of  stocking Production of  Florida Red Tilapia (Oreochromls sp.) 
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Abstract 
3 
Sex reversed male Florida red tilapia (Oreochromissp.) fingerlings (5.36 g avg wt) were stocked 
in nine seawater (37 ppt)  pools (10 in3)  at  densities of 15, 25, and 35 fl~h.rn-~  and reared for  150 
days on diets containing 32% and 20% proteln. Each pool was supplied with aeration and flowthrough 
seawater (800Ya.day-I). After I  SO days, no significant (P>0.05) differences among treatments were 
observed in fish weight  (avg 462 g), specific growth rate (avg 2.98%.day-'), weight gain (avg 
3.04 g.day-I), survival (avg 94.4%), feed consumption (avg 5.1 7% bw.day-') and conversion ratio 
(avg 1.80). Coefficients of  variation of initial and final weights averaged 34.4% and 22.846,  respectively, 
and did not differ significantly (b0.05)  among treatments. Flnal biomass (kg*ms)  increased with 
increasing stocking density from 6.69, for tanks stocked at 15 fish.m3, to 15.4, for tanks stocked 
at 35 Fl~h.rn-~.  The  results demonstrated that growth and survival in seawater were not impaired 
and that growth variation was not increased under stocking densities up to 35 fish.m.',  suggesting 
that even higher densities are Feasible to intrease production. 
Parasitosis by a marine monogenean (Neobenedenia rnellend was occasionally observed in fish 
under all densities. Treatment  with brackishwater  (18 ppt for  72 hours) alleviated symptoms of 
parasitosis for periods of 26-91 days. 
lntroductlon 
Intensive culture of  salt-tolerant 
tilapias in flowthrough seawater tanks 
may be commercially feasible on Car- 
ibbean islands and other  tropical coastal 
regions where seawater is abundant and 
Favorable temperatures exist year-round, 
but where land and freshwater resources 
are  limited (Watanabe 198 1 ). The suit- 
ability of the Florida red tilapia strain 
(Oreochromis sp.) For  culture at high 
salinities has been demonstrated by high 
growth rates and efficient feed conver- 
sion from fingerling to large, market- 
size fish in seawater (36  ppt) pools (Ernst 
et  al.  1889:  Clark et  al. 1990). 
Although there have been a number 
of  studies on the effects of  stocking density on production of tilapias reared 
in cages (e.g., Wannigama et al. 1885; 
Carro-Anzalotta  and McGinty  1986: 
McGeachin et al. 1987;  Watanabe et al. 
1990),  little information is available on 
these effects in tank culture. In this study, 
the production of Florida red tilapia in 
flowthrough seawater pools was  assessed 
at three stocking densities. 
Materials and Methods 
This study was  conducted at the Car- 
ibbean Marine Research Center (CMRC) 
on Lee  Stocking Island  (Exuma Cays. 
Bahamas) horn May to October 1989. 
The Florida red tilapia broodstock used 
was a hybrid: descendants  OF an origi- 
nal  cross of  Oreochromis  urolepis 
hornorurn (female)  with 0.  mossarnblcus 
(male)  (Behrends et  al. 1982).  Broodfish 
spawned naturally in  outdoor pools 
containing brackishwater  ( 12 ppt). 
Post-yolksac  fry (<I cm) were reared 
in  0.56-m3 indoor tanks supplied with 
aeration and recirculated brackishwater 
( 12  ppt). Fry were fed Purina Trout Chow 
(50%  protein) with 17a-ethynyltestoste- 
rone (60 mgakg-I  feed) for 28 days to 
sex reversed females (Guerrero 1975). 
Fry were then transferred to four out- 
door pools (3.9 m3), acclimated to 
seawater (37 ppt) at approximately 5 
ppt.day-I, and reared for an additional 
26 days. Fry were fed ad libitum three 
times dally wlth Purina Tilapla Chow (32% 
protein). 
On 16 May  1989, fingerlings were 
graded and stocked in nine plastic-lined 
pools (5.4-m  diameter, 10  m3) at  three 
densities: 15 fi~h.m-~,  25 fish.n3  and 
35 fi~h.rn-~.  There were three replicates 
for each treatment. Each pool was  sup- 
plied wlth aeration and flowthrough 
seawater  at  an  exchange  rate  of 
800%.day-' . 
On the  day of stocking (experiment  day 
O), 35 fish  from each pool were anaes- 
thetized  (0.3 ppt 2-phenoxy-ethanol), 
measured, weighed and replaced. Initial 
mean body weights (avg 5.36 g), total 
lengths (avg 66.2 rnm) and coefficients 
of variation of initial weights (CVw)  (avg 
34.4%)  and lengths (CV,) (avg 1  1.7%) did 
not differ significantly (b0.05)  among 
treatments (Table 1  ). Initial biomass ranged 
from 0.08-0.19 kge~n-~  (Table 1  ). Fish were 
sampled on days 1  5, 30,45,60,  9  1, 1  20 
and 150. 
Fish were fed three times daily (0800, 
1300  and 1600  hours) the 32% protein 
diet from day 1 to day 55 and a  20% 
protein feed (Zeigler  Tilapia Grower) from 
day 56  to 149.  At each feeding, enough 
feed was provided such that an excess 
remained after 20 minutes,  but was 
consumed before 40 minutes. For  the 
20% diet, 10- and 20-minute observa- 
tion periods were used due  to  the feed's 
lower stability. 
Maximum and minimum water tem- 
peratures, salinity and dissolved oxy- 
gen (DO) were measured daily, while 
NH,-N,  NO,-N  and pH were measured 
weekly. 
Infestation  by a  marine monogenean 
parasite, Neobeneclenia melleni, was o b- 
served during the study and was treated 
by  reducing salinity to 18  ppt. Treated 
pools remained static for 72 hours before 
seawater flow was resumed. 
Data on growth, growth variation, sur- 
vival, feed consumption and conversion 
were compared among  treatments by one- 
way analysis of  variance (ANOVA). If the 
overall ANOVA was significant, differences 
between treatment means were analyzed 
using the Student-Newman-Keuls test. The 
level of significance in all tests was k0.05. Table  1.  Growth,  survival and feed  conversion of all-male Florida red tllapia (Oreochromis sp.) 
fingerlings,  produced by  hormone treatment and  reared  for  150 days  In  Flowthrough seawater 
pools (34 in3)  at  three stocking densities. 
Stocking density  (fish.m-') 
15  25  35 
lnltlal 
Weight 
CV  of weight (%)b 
Length (mm) 




CVof welght (%)b 
Length (mm) 
CVof length (%)b 
Survlval (%) 
DWG (g.day-')c 
SGRd (% bw.day-') 
Feed consumption' 
(YO  bwday-I) 
Feed conversiona 
(dy  wt.wet wt) 
Biomass (kg.m.') 
"Data are presented as  means * s.e.  (n=3). Means within a  row followed  by  different letters arc 
signlflcantly  different  (P<O.O5, SNK). 
bCV=wefOcient  of variation=SD.  1 OO/rnean. 
'DWG=daily weight gain=(final wt-lnltlal wt)/At. 
dSGR=specific  growth rate=[(ln Final wt-In initial wt). 100]/At. 
'Replicate  data based on seven  Interval deterrnlnations durlng the  150-day study  period. 
Results 
Growth of  fish  under the different 
stocking densities was similar throughout 
the 150-day study (Fig. 1  ). Final  mean 
weights (avg 462 g),  total lengths 
(avg 270  mm)  and coefficients of vari- 
ation of  final weights (avg 22.8%)  and 
lengths (avg 9.1%) did not differ sig- 
nificantly among treatments (Table 1 ). 
Thus, terminal weight data for all treat- 
ments were combined and the frequency 
distribution of  body welghts was de- 
termined (Flg. 2). Individual  weights 
ranged from 98.6 to 688 g,  with 75.2% 
and 46.9% of the individuals exceed- 
ing 393 g and 430 g. respectively. 
Survival (avg  94.4%), daily weight gain 
(avg  3.04 g-day-'),  specific growth rate 
(avg 2.98% bw-day-'),  feed consump- 
tlon (5.1  7%  bweday-') and conversion 
ratio (avg 1.80) did not differ signifi- 
cantly among treatments (Table 1). Fi- 
nal biomass increased with increasing 
stocking density from 6.69 kg~m-~  (1  5 
fish-m-3, to  15.4 kg.m-3 (35 fish.m-9 
(Table 1 ). 
Average sallnlty (36.7  ppt). tempera- 
ture (27.g°C), NH,-N  (0.11 ppm) and 
NO,-N  (0.005 ppm)  did  not  differ I 
Fig.  1. Body welght of sex reversed male Florida red tilapia (Oreochrom/s  sp.) Fingerlings reared for  150 
days in flowthrough seawater pools (10  rn3)  at three stocking densities (0  15 fi~h.rn-~. 25 fish.rn,'and 
I  I  I  L  I  I  1  I  I  I  I  I 
0  15  X)  45  60  75  90  105  PO  135  150  165 
Tlme  (days) 
I  Weight class 
Fig.  2.  Frequency  dls- 
trlbutlon  of  body 
weights  for  all-male 
Florida  red  tilapla 
(Oreochromis  sp.) 
fingerlings,  produced 
by  hormone  treat- 
ment  and  reared  for 
150  days  in  flow- 
through seawater pools 
(I0  m3)  stocked at den- 
sities  of  15.  25.  or 
35 fish.m-'  (combined 
data). Weight class 1 re- 
fers to a weight range 
of 98.6-  135.4 g, with 
each subsequent class in- 
creasing by 36.8 g  to  a 
maximum of 687.6 g. significantly among  treatments during 
the 150-day study (Table 2). Average 
DO showed a significant decline with 
increasing stocking density from 5.79 
pprn  (I5  fi~h.m-~)  to 5.26 pprn  (35 
fish.mZ3)  (Table 2). 
On day  41, infestation by N, melleni, 
characterized by reduced feeding, Fish 
resting on the pool bottom, excessive 
mucus production and corneal opacity, 
was detected among fish  in  one pool 
stocked at a  density of  15 fi~h+m-~. 
Infestation was subsequently observed 
in other pools at  all stocking densities. 
Treatment with  brackishwater (18  ppt 
for 72 hours) alleviated symptoms for 
periods ranging from 26 to 91 days. 
Dlscusslon 
Growth, survival and feed conversion 
of  Florida  red  tilapia  reared  in 
flowthrough seawater pools were not 
impaired under stocking densities of up 
to 35 fi~h.m-~,  and no effect of stock- 
ing density on size variation (Brett 1979) 
was evident, suggesting that even higher 
densities are Feasible to increase pro- 
duction. Siddiqui et al.  (1989) also 
observed  no  difference  in  growth 
(1.7  1 - 1.82 g.day-')  survival (96-1  00%) 
or Feed  conversion (1.85-1.95) of 0. 
niloticus reared in brackishwater (4  ppt) 
tanks (3.75  rn3)  over 164 days at den- 
sities of  16, 32 and 42.6 fish.rna3. 
In this study, water exchange was kept 
constant (800°/o~day-')  and flow rate was 
high (30-67 I,kg-' fish.min-') at stock- 
ing, declining to  a minimum (0.36-0.83 
I.kg-I fish.min-')  when the study was ter- 
minated. Standing crops of up to 15.4 
l~g.rn-~  were maintained with  minimal 
effects on water quality. While initial 
flow rates could be reduced to mini- 
mize pumping costs, a trend toward 
lower average DO with increasing density 
suggests that flow rates during the latter 
stages of  the study were suboptimal for 
tanks stocked at higher densities. Wa- 
ter flow rates of 0.3-1 .O I.kg-' fishmin-' 
have been reported to support tilapia 
yields ranging from 7.1 to  50  kg.rnm3  in 
flowthrough tanks (Balarin and Haller 
1982, 1983;  Al-Ahrnad  et al.  1988; 
Siddiqui et  al. 1989;  Cruz et  al. 1990). 
Yields of up to 52.2 kg.md3  have been 
reached for Florida red tilapia grown in 
marine cages (Watanabe et  al. 1990). 
A  potential constraint to culture of 
tilapias in. full-strength seawater is 
susceptibility to  infestation by N.  melleni 
(Kaneko et  dl. 1988;  Gallet de  St. Aurin 
et al. 1990). Short-term immersion of 
infected fish in Freshwater is  known to 
be an effective treatment (Kaneko et  al. 
1988), but may be impractical  on a 
commercial scale. In  this study, a re- 
duction of  rearing tank salinity to 18 
ppt for 72 hours was an effective, al- 
beit temporary, therapeutic procedure. 
Reinfection of brackishwater-treated fish 
is  probably due to  the survivability of 
the eggs of  N.  melleni, which are con- 
siderably more resistant to hyposaline 
conditions than are the adults (Mueller 
et  al. 1992).  Recent studies have shown 
that exposure to 15 ppt for five days 
eliminates hatching of eggs in vitro as 
well as  juvenile and adult stages of N. 
mellenlin situ (Ellis and Watanabe 1993). 
These results demonstrate that Florida 
red tilapia can be reared in flowthrough 
seawater pools from small fingerlings 
to  market size (i.e., 5.36-462 g)  in 150 
days at densities of up to 35 fish.m3. 
Thus, each pool can produce 2.4  crops 
per year with a yield of approximately 
37 kg.m-3.year-'. It  is  likely  that pro- 
ductivity can be increased by stocking 
at higher densities and at  larger initial 
sizes. Further study is  required to de- 
termine maximum standing crop and 
associated water Flow requirements for Table 2. Water quallty durlng culture of all-male Florlda red tllapia (Oreochromls  sp.) flngerllngs, 
produced by hormone treatment, then grown for 150  days in flowthrough seawater pools at three 
stocking densltles.' 
Stocking density (fish.m3) 
15  2  5  3  5 
Salinity (ppt)@  36.8  +  0.1  36.6  i  0.1  36.8  rt  0.1 
Dissolved oxygen (ppm)  5.79  +  0.06a  5.51  +  0.01b  5.26  rt  0.02~ 
Temperature ("C)  27.9  i  0.01  27.9  k  0.01  27.9  0.06 
PH  8.23  i  0.03a  8.14  k  O.02b  8.00  ;t  0.02~ 
NH,-N  (ppm)  0.10  +  0.01  0.1 1  *  0.01  0.13  0.02 
NO,-N  (ppm)  -  0.005  0.000  0.005  *  0.000  0.005 *  0.000 
.-  . 
"Data are presented as means  SE (n=3 pools) and represent averages for the 150-day study 
perlod. Means within a row followed by different letters are significantly different (SNK). 
bSallnltles  were lowered to 18  ppt For  three days in certain pools in each treatment to  treat trematode 
infection. Treatment perlods were not included in the calculation of average salinities. 
culture of the 
seawater tanks. 
Florida  red tllapia  In 
Acknowledgements 
This study was  supported by a grant 
from the  Office of the  Undersea Research, 
National  Oceanic and Atmospheric 
Administration, U.S.  Department of 
Commerce and by the Perry Foundation, 
Inc. 
References 
Al-Ahrnad, T.A., M. Rldha and A.A. Al-Ahrned. 
1988. Production and feed ration of  the 
tilapia  Oreochromis spilurus in  seawater. 
Aquaculture 73:  1 1  1-1 18. 
Balarin, J.D. and R.D.  Haller.  1982. The inten- 
sive culture of  tilapia in  tanks, raceways 
and cages, p. 267-355. In  J.F.  Muir and R.J. 
Roberts  (eds.)  Recent  advances  in 
aquaculture. Croom Helm, London. 
Balarin, J.D. and R.D. Haller. 1983.  Commercial 
tank culture of  tilapia.  p. 473-483. In  L. 
Fishelson and Z. Yaron (cornps.) Proceed- 
ings of  the International Symposium on 
Tilapia in Aquaculture. Tel Avlv University, 
Israel. 
Behrends, L.L.,  R.G.  Nelson, R.O. Smitherman 
and N.M.  Stone. 1982. Breeding and cul- 
ture of the red-gold color phase of tilapia. 
1.  World Maricult. Soc. 13:210-220. 
Brett, J.R. 1979. Environmental factors and growth, 
p. 599-675. In W.S.  Hoar. D.J.  Randall and 
J.R.  Brett  (eds.) Fish  physlology.  Vol.  8. 
Academlc Press. New York. 
Carro-Anzalotta. A.E. and AS. McGinty. 1986. 
Effects  of  stocking density on growth of 
mpia  nilotica cultured in cages in ponds. 
J.  World Aquacult. Soc. l7:52-57. 
Clark, A.E.,  W.O. Watanabe.  B.L.  Olla and R.I. 
Wicklund. 1990.  Growth, feed conversion. 
and protein utllizatlon of Flprida red tilapia 
fed lsocaloric diets wlth dlfferent protein 
levels in seawater pools. Aquaculture 87:75- 
85. 
Cruz, E.M., M. Ridha and M.S. Abdullah.  1990. 
Production of the African freshwater tilapia 
Oreochromis spilurus (Gijnther)  in seawater. 
Aquaculture 84:41-48. 
Ellis.  E.P, and W.O.  Watanabe. 1993. The effects 
of hyposallnlty on  eggs. juveniles and adults 
of the marine monogenean,  Neobenedenla 
melleni. Treatment  of  ecto-parasitosis  in 
seawarer-cultured  tllapla.  Aquaculture 
1  17: 15-27. 
Ernst, D.H., L.J. Ellingson, B.L. Olla, R.I. Wicklund, 
W.O. Watanabe and J.J.  Grover. 1989. Pro- 
duction of  Florida  red tilapia in  seawater 
pools: nursery rearing with chicken manure 
and  growout  with  prepared  feed. 
Aquaculture 80:247-260. 
Gallet de  Saint Aurin, D., J.C. Raymond and V. 
Vianas.  1990. Marine finfish  pathology: 
specific problems and research in the French 
West  Indies.  Advances  in  Tropical 
Aquaculture, 20 February-4 March  1989, 
Tahiti. AQUACOP  IFREMER.  Actes Colloq. 
9:143-160. 
Guerrero,  R.D.  1975. Use  of  androgens for  the production  of  all-male  Tilapia  aurea 
(Steindachner).  Trans.  Am.  Fish.  Soc. 
104:342-348. 
Kaneko,  J.J.  11,  R.  Yarnada, J.A. Brock and R.M. 
Nakamura.  1988.  Infection  of  tilapia, 
Oreochromis mossambicus (Trewavas), by a 
marine monogenean, Neobenedenia melleni 
(MacCallum, 1927)  Yamaguti, 1963 in Kaneohe 
Bay. Hawaii, USA, and its treatment.  1.  Fish 
Dls.  1  1  :295-300. 
McGeachin.  R.B.,  R.I.  Wicklund.  B.L.  Olla and 
J.R. Winton. 1987. Growth of Tilapia aurea 
in seawater cages. J.  World Aquacult. Soc. 
18:31-34. 
Mueller, K.W.,  W.O. Watanabe and W.D.  Head. 
1992. Effect  OF  salinity on hatching  in. 
Neobenedenia melleni, a monogenean 
ectoparasite  OF  seawater-cultured  tilapia. 
J.  World Aquacult. Soc. 23:199-204. 
Siddiqui, A.Q.,  M.S. Howlader and A.B. Adam. 
1989. Cultu.re of Nile tilapia,  Oreochromis 
nilotlcus (L.),  at three stocklng densities 
In outdoor concrete tanks using drainage 
water. Aquacult. Fish. Manage. 20:49-57. 
Wannigama,  N.D.,  D.E.M.  Weerakoon and  G. 
Muthukumarana. 1985. Cage culture of 5. 
niloticus in Sri  Lanka:  effect  of stocking 
density and dietary crude protein levels on 
growth, p. 113-1 17. 1nC.Y. Cho, C.B.  Cowey 
and T. Watanabe (eds.) Finfish nutrition in 
Asia. Methodological approaches to research 
and development.  lnternatlonal Develop- 
ment Research Centre, Ottawa.  Ontario. 
Canada. 
Watanabe. W.O. 1991. Saltwater culture of tllapla 
in the Caribbean. World Aquacult. 22(1):49- 
54. 
Watanabe,  W.O.,  J.H. Clark, J.B. Dunham, P.I. 
Wicklund and B.L.  Olla.  1990. Culture of 
Florida red tilapia in marine cages: the ef- 
fect  of stocking density and dletary pro- 
teln on growth. Aquaculture 90: 123-1  34. SESSION 11.  NUTRITION 
Use of Terrestrial Plants in Aquaculture In  Malawia 
F.J.K.  CHIKAFUMBWA 
/CLARM/GTZ Africa Aquaculture Project 
P. 0.  Box 229,  Zomba, Malawi 
CHIKAFUMBWA.  F.J.K. 1994. Use of terrestrial  plants in aquaculture in Malawi, p.  175-1  82.  In 
R.S.V.  Pullln. J.  Lazard, M.  Legendre, J.B. Amon Kothias and D. Pauly (eds.) The Third International 
Symposium on Tllapla In Aquaculture.  ICLARM Conf. Proc. 41, 575 p. 
Abstract 
Terrestrlal vegetation and agricultural crop residues have potential as fishpond inputs for Farming 
herbivorous and planktivorous tilapias in rural Africa. Five experiments were performed to assess 
this for the culture of Tilapia rendalliand Oreochromis shiranus in Mala%[. Screening of 29 terrestrial 
plants was conducted in ponds: 80% were  eaten by  T.  rendalli; consumption ranged from 9 to 
90% of plant dry matter (DM) per day.  T.  rendalli  and 0.  shiranus fed with either maize bran or 
napier grass did not show significant differences (bO.05) in growth or yield. Higher yields were 
obtained in polyculture with a combination of maize bran and napier grass. Presentation of whole, 
chopped and ground napier grass (Pennisetum purpureum) to a 5O:SO  polyculture of T.  rendalli 
and 0. shiranusgave no significant differences (P>O.OS) in  water quality parameters or fish growth. 
Application rates of napier grass to fishponds should not exceed approximately 50 kg.ha-'.day-' 
DM. Higher loading decreased water quality, reduced fish growth and increased fish mortalities. 
A  50:50  stocking ratio of T.  rendalli  and 0. shlranus gave slgnlflcantly higher yields than other 
ratios. 
Development of aquaculture in rural 
Africa is  llmlted  because of cost and 
shortage of fish feeds and pond ferti- 
lizers, poor Financial  resources and 
knowledge base of small-scale farmers, 
plus the fact that it is a relatively new 
farm enterprise (Weatherley and Cogger 
1977; Costa-Pierce et  al. 199  1  ;  ICLARM/ 
GTZ  199  1 ). Terrestrial vegetation and 
agricultural crop residues are available 
on most African farms and could have 
potential as inputs for pond culture of 
herbivorous and planktivorous tilapias 
(Pullin  1986; Edwards 1987a). A sur- 
vey conducted in Zomba, Malawi, in- 
dicated that pond polyculture of  indig- 
enous tilapias  ( Tilapia  rendalli and 
Oreochromis shiranus) is the  most com- 
'ICLARM  Contribution No. 990. 
mon method adopted by smallholder 
fish farmers (Noble and Costa-Pierce 
1992). However. little research has been 
done  on the  stocking ratios of these spe- 
cies For optimum utilization of  the  food 
niches in the pond ecosystem. 
To assess further the use of terres- 
trial plants in aquaculture on  small-scale 
farms, research was conducted at the 
National Aquaculture Center, Domasi, 
Malawi. This paper reports these results 
and discusses Future prospects. 
Materials and Methods 
Experiments were conducted in 200- 
mZ  ponds, 5-m3 (2.25~2.25~1  m) and 
500-1 (I  x lxO.5 m)  concrete tanks from 
January 1989  to  March 199  1 . T. rendalli 
and 0.  shiranus  were stocked in mono- 
and polyculture at different stocking densities and mean body weights in tanks 
and ponds. A  completely randomized 
design was used in all experiments. 
Maize bran (MB) was given at 3%  Fish 
body weight, adjusted every two weeks 
at  sampling; fresh napier grass (NG) was 
given at 100 I<g.ha-'.day-'  DM  and a 
combination  (NG+MB) to indigenous 
tilapias (T.  rendalliand 0. shiranus) in 
mono- and polyculture in ZOO-mzponds 
(Table 1).  The times For  cutting, carry- 
ing and chopping napier grass were re- 
corded as person-hours.ha-'.day-' (Ta- 
ble 2). Fresh  napier grass was given 
whole, chopped (2-5 mm pieces) and 
ground at 100  kg.ha-'.day-' DM to  50:50 
polyculture of  T. rendalliand 0.  shiranus 
in  500-1 tanks (Table 3). Different ap- 
plication rates of fresh napier grass was 
given to 50:50 polyculture of T. renda//i 
and 0. shiranus  in both tanks and ponds 
(Table 4). T. rendalli and 0. shiranus  were 
stocked at  different ratios (100:0,  75:25, 
50:50  and 25:75) and were given whole 
Fresh napier grass at 50 kgha-'.day-'  DM 
in  200-m2 ponds (Table 5). 
Fish  were sampled with a seine net, 
sedated in  benzocaine (Ross and Ross 
1984),  and individually weighed  and 
measured. Over 70% of the total number 
of Fish stocked in tanks and 15OIo in ponds 
were sampled at each sampling. 
Water quality parameters were moni- 
tored as follows: maximum and mini- 
mum air and water temperatures, daily: 
pH, weekly (at 0800 hours); dissolved 
oxygen concentration (DO),  weekly (at 
0500 hours);  ammonia, every two  weeks 
(at 0800 hours): conductivity, weekly; 
and alkalinity, every four weeks. The 
methods used are outlined  in  APHA 
(1  985). 
At harvest, tanks and ponds were 
seined and drained to collect all  fish. 
Fish were  counted to determine percent- 
age survival, weighed (g),  and the to- 
tal and standard length (cm)  determined. 
Specific growth rates (SGRs) and mean 
Final  weights were compared statisti- 
cally (ANOVA). Differences among treat- 
ments were treated  For  significance 
(P<0.05)  using Tukey's test (Zar 1984). 
Results and Dlscusslon 
Preference Tasting of  Plants 
Many types of plants are available on 
farms, but most are left unutilized. Of 
the 29 different terrestrial plants (natural 
and cultivated) given fresh to T. rendall/ 
and 0. shiranus in  200-m2 ponds, 23 
were eaten by  ;T.  rendalli and six by 0. 
shiranus. The amount of dry matter con- 
sumed by  T.  rendalli was significantly 
higher (P<0.01)  than that consumed by 
0.  shiranus (Chikafumbwa et  al. 1991  ). 
Z  renda//iseerns to  be a voracious and 
nonselective feeder on plants, as also 
Found by Junor  (1  969).  Among the plants 
( Cucurbita maxima, Tridax procumbens, 
Ipornoea  ba  ta tas, Biden pilosa and 
Mucuna pruriens) eaten, T.  rendalll and 
0.  shiranus preferred some more than 
others. Similar results were reported by 
Chifamba ( 1990). 
On-farm Resources 
as Fishpond Inputs 
Highest  final  weights and SGRs For  T. 
renclalli(43.0 g; 0.52%.day1  ) and 0. shiranus 
(41.3  g;  0.42%~day-')  in monoculture were 
obtained in NG+MB, but were not signifi- 
cantly different (b0.05)  from MB  or NG 
individually (Table 1).  Similar results were 
obtained in a 50:50 polyculture For  7: rendalli 
(46.9  g;  0.57°/o,day-') and 0.  shiranus(41.9 
g:  0.690lo.day-'). Highest extrapolated net 
yields for T rendalli and 0. shiranus in 
monoculture (2,598  and 2,749 kgha-'.  year', 
respectively) and in polyculture (3,015  kg. 
ha-',year-')  were obtained with NG+MB. 
Pruginin and Arad (1  977)  reported that 
Fish  yields,  using indigenous tilapias Table  1. Growth performance of Tilapia rendalli and Oreochromis shiranus In monoculture and  1 :  1 
polyculture in 200-rnZ  ponds fed napier grass  (NG) (100  kg.ha-'.day-' DM) and maize bran (MB) 
(3%  fish body weight), From 5 January to 11  May 1989.  Numbers In the same row having the same 
superscrlpt are  not signtficantly different  (P>O.O5): NG/MB  = cornblnation of napier  grass and 
maize bran: net yield includes fry produced in a pond. The data are means of three replicates. 
Pond Inputs 
Napler grass  NG/MB  Maize bran  No input 
a.  T. rendalli monoculture 
Initial weight (g)  20.8 
Final weight (g)  35.5' 
Speclflc growth rates (%*day-')  0.42' 
Fish survlval (Yo)  9  3 
Net yleld (kg.ha-'.year-')  2,303 
b. 0.  shlranus monoculture 
Initial weight (g)  22.9 
Final weight (g)  36.9' 
Specific growth rates (Yo.day.')  0.37' 
Net yield (kg.ha-'.year")  1,657 
c. T. rendalli and 0.  shiranus 1 :  1  polyculture 
Initial weight (g) 
T.  rendalli 
0. shlranus 
Final welght (g) 
T.  rendalli 
0.  shiranus 
Speclflc growth rates (% 
T. ren  da  Ili 
0.  shiranus 
Fish survival (Oh) 
Extrapolated net yield 
(kg,ha-',year-') 
Table  2.  Labor  required for  cutting and carrylng Fresh  napler grass  (80% moisture) at  100 kg 
ha-l.day.' dry matter as fishpond inputs. Chopping was done using a hand-operated machine cutter 
at a rate of 10.4 person-hours.ha-'. 
Person 
N 
Cuttlng and carrying 
(person-hours-ha-') 
Mean (SD)  Range 
Cutting 
(person-hours.ha") 
Mean (SD)  Range 
N = number of days For  cutting and carrying napier grass. 
person-hours,ha-' = calculated from weight of Fresh grass required per hectare divided by weight 
of fresh grass cut and/or carried during a given period. Table 3. EFFect of whole, chopped and ground napier grass [I00  kg.ha.'.day-' DM) on the growth of Tilapid rendalli (TR) and Oreochromis shiranus (OS), and on water quality in  500- 




Msw  N/t 
(3) 
Whole  10.05  12 
Chopped  9.75  12 
Ground  10.00  I2 
No input  10.25  12 
Harvesting data  Water quality 
Ammonia  Conductivity  PH  Alkalinity 
(rng.  I-I)  [rnmho,cm.')  [mg,l-[) 
Initial  Final  Inititd  Final  lnitial  Final  Initial  Final 
0.01  1.15a  145  440a  10.45  7.83b  39  169b 
0.00  2.OOa  144  570a  10.39  7.83b  40  243a 
0.01  0.95a  146  645a  10.30  7.931,  40  268a 
0.01  0.08b  145  160b  10.65  10.63a  39  63c 
Msw=mean stockjng weight. 
Mhw=mean harvest weight. 
N/t=number of fish per tank. 
Wg/dy=weight in grams per day. 
SGRs=specific growth rates (%.day-I). 
Sv=fish surviva[. 
Eny=extrapolated net yield (kg.ha-l.an-l). Table 4. Growth performance of Tilapia rendatti (TR) and Oreochromis shlraous IOS), survival and water quality for different rates of napler grass in ZOO-m'  ponds, 5-m3 and 500-1 concrete tanks.  Numbers 
in the same column, in the same experimental unit. fo[lowed by the same letters are not significantly different  (P>0.05). 
--  -  -  -  -  -  - 
Stocking data  Harvest data  Water quality 
App. rate 
Experimentat unlts  (kg.ha-'.daylDM} Msw  N/p-t  Mhw  Wgldy  SCRs  Sv  Fry  Lny  Ammonia  Conductivity  pH  Alkalinity 
(mg  I-')  (rnrnho.cm.l) 
DO, 
(g)  (g)  (46)  (%I  (5)  (mg.1-')  (rng.l-') 
TR  05  Initial  Final  Initial  Final  Initial  Final  Initial  Final  Initial  Final 
200-m'  pond over  168 days  25  9.77200  34.45b  1.5  0.67b  0.82b  83  15  476  0.45  0.75  23  45  7.0  6.7  15  19  7.4  3.8 
(27 Oct. 1989 to 27 Feb.  1990)  50  8.64  200  43.55a  2.4  0.91a  0.98a  91  9  732  0.36  1.05  23  55  6.8  6.8  17  22  7.0  2.0 
(a) TR and (b)  05  75  8.77  200  41 .29a  2.2  0.87a  0.98a  81  8  583  0.42  1.30  23  71  6.8  6.7  16  24  7.2  1.1 
100  9.94200  43.66a  2.0  0.77ab  0.9%  66  8  443  0.36  1.11  22  59  6.9  6.7  16  23  7.5  2.2 
5-m'  tank9 over  126 days  0  10.52  I2  11.99~  0.1  0.09b  0.23~  75  0  0  -  0  100  101  10.5  10.6  40  43-  7.7  7.9 
(24 Jan. to 30 May 1989)  46  10.58  12  28.OOa  1.3  0.73a  0.78b  I00  0  1.216  -  O.B6  104  398  10.0  7.7  38  160  6.8  0.7 
(a) TI( and (b)  OS  92  10.94  I2  31.26a  1.5  0.78a  1.01a  92  0  1.233  -  0.92  103  460  9.8  7.6  42  195  7.0  0.5 
138  10.72  12  32.54a  1.6  0.74a  0.99a  75  0  950  -  1.01  102  478  9.6  7.5  39  217  7.8  0.4 
164  10.69  I2  23.94ab  0.9  O.28b  0.76b  75  0  486  -  1.33  105  535  9.5  7.4  43  265  7.3  0.4 
278  10.75  I2  17.00bc  0.5  -  0.38~  8  0  0  -  2.80  106  580  9.6  7.3  40  310  7.3  0.4 
- 
500-1 tanks over 70 days  10  15.00  12  15.40a  0.03  0.01~  100  0  250  -  0.75  70  I56  10.2  9.0  13  37  6.4  4.4 
(12 Jan. to 29  May  1991)  20  15.90  12  17.301  0.12  O.IZb  96  0  -.  0.68  72  155  10.4  9.5  13  35  7.0  3.9 
(a) TR and {b) OS  40  14.60  12  l7.50a  0.28  0.26a  100  0  1,015  -  0.92  69  105  10.0  9.7  12  43  6.7  2.5 
60  15.80  12  18.90a  0.28  0.26a  96  0  1,012  -  1.22  71  276  9.8  8.5  13  67  6.5  1.8 
80  15.80  12  15.90a  0.01  0.02~  71  0  -.  1.10  71  290  9.9  8.4  12  65  6.5  1.9 
App-application  rate. 
Msw-mean stocking weight. 
Mhw-mean harvest weight. 
Wg/dy-weight  in grams per day. 
N/p-t-number  of flsh per pond or tank. 
SGRs-speclflc  growth rates (%.day1). 
Sv=flsh survival. 
Eny-extrapolated  net yield (kg.ha-l.year-'1 Table  5. Growth  performance of Tilapla rendalli (TR)  and  Oreochromis shiranus  (0s)  stocked  at 
different ratlos at 1 fi~h.rn-~  in 200-rnZ ponds fed 50 kg.ha-'-day-'  DM napier grass over 168 days (from 27 
October 1989 to 27 February 1990). Numbers in the same row having the same superscript are not slgnitlcantly 
different (P>0.05). The data are means OF  three replicates. 
Stocking ratios TR:OS (%)  75:25  50:50  Z5:75  1OO:O 
Initial weight (g) 
E  rendalli  9.55  8.70  9.63  8.40 
0. shiranus  9.87  8.97  8.73 
Final weight  (g) 
T. rendalli 
0.  shiranus 
Specific growth  rates 
T. rendall/ (%.day-') 
0.  shlranus (%,day-') 
Fish survival (%)  86  97  85  76 
Extrapolated net yields 
(kgha-',year-')  593b 
without feeding or fertilization,  were 
about 300 kgha-'.year-' in Malawi. Noble 
and Costa-Pierce (1992) found that 
aquaculture ponds in Zomba district in 
1989-1990 had total yields of 900 
kgeha-'*year-'.  Use of green vegetation 
(napier  grass) and  widely available ag- 
ricultural by-product (maize  bran) have 
here demonstrated a significant increase 
in fish yields. Even higher yields (>3,000 
I<g.har'-year-')  have been obtained in a 
polyculture fed with a combination of 
maize bran and napier grass. These re- 
sults are  promising and suggest  further 
investigations on the polyculture of 
different fish species with different com- 
binations of  the low cost fishpond in- 
puts that are available on farms in 
Malaw  i. 
Application of fresh napier grass to 
fishponds required  33-60  person- 
hours.ha-'.day2' for cutting and carry- 
ing. Cutting alone required 13-20 per- 
son-hours.ha-'.day-'.  Chopping required 
additional 10  person-hours.ha-'.day-'  at 
an application rate of  100 kg.ha-' . 
day-'-DM  (Table 2).  Results obtained in 
this study  suggested high person-hours. 
ha2'.day-' requirement to Feed  fresh 
napier grass  to  fishponds. Investigations 
were conducted on presentation methods 
and application rates to explore the 
possibility  of  reducing  person- 
hours.ha2'.day-' in  feeding fishponds. 
Results obtained indicated 50% reduc- 
tion in application rate (50 kg.ha-'.day-' 
DM) and could be presented whole and 
effectively reduce the  person-hourseha-I . 
day"' by 50% for cutting and carrying, 
and exclude additional the person- 
hours.ha-'.day-' requirement for chop- 
ping. 
Presentation Methods 
of  Green Vegetation 
Fish  final weight and SGRs were not 
significantly different (P>0.05) among 
whole, chopped and ground grass  treat- 
ments (Table 3).  However, fish survival 
was high (lOOO/o)  when Fed  with whole 
grass, but low (66%)  with ground grass. Extrapolated  net  yield  was  1,507 
kg.ha-'.year-' with whole grass. 
Water quality parameters (pH, am- 
monia and conductivity) were not 
significantly different (Pr0.05) among 
whole, chopped and ground grass 
treatments (Table 3).  However, alkalinity 
and total hardness were significantly 
higher (P<0.05) with chopped and 
ground than with whole grass. 
This study indicated that green grasses 
should be presented whole to  fishponds. 
Chopping or grinding does not bring 
significant advantages in terms of fish 
growth and water quality, and requires 
extra effort. However, presentation of 
such feeds still requires further research. 
This study was done in small concrete 
tanks (500-1) and more work is needed 
in  pond systems. 
Application Rates 
of  Green Vegetation 
The application rates For  low quality 
vegetation in  fishponds was recom- 
mended at I00 kg.ha-'.day-'  DM (Edwards 
198713). In  these studies, in  tanks and 
ponds, highest Anal weight, SGRs, fish 
survival and net yields (T. rendalli  and 
0. shiranus) were obtained at  approxi- 
mately 50 kg.ha-'.daym'  DM. Increasing 
application rates beyond 50 kg. ha-'.day-' 
DM gave higher mortalities, decreased 
SGRs and net yields, and lowered wa- 
ter quality, principally by increasing arn- 
rnonia concentrations and lowering DOs 
to  critical levels (Table 4). 
Tilapla Stocking Ratios 
Final weights and SGRs for 0.  shiranus 
were  significantly higher (P<O.O5) with 
increasing T. rendalli  to 0. shiranus  ratios. 
T. rendalli growth was relatively sta- 
ble with different stocking ratios (Ta- 
ble 5).  Net yield was highest at 50:50 
stocking ratio. The increase in net pro- 
duction at a 50:50 ratio was probably 
due to better utilization of different Food 




These studies demonstrated that use 
-of  green vegetation and agricultural by- 
products (maize bran) in fishponds, singly 
or in combination, can significantly in- 
crease tilapia growth and production 
among resource-poor farmers. These 
inputs are  commonly available on  Farms 
and require labor input to  produce fish 
in ponds. 
A  wide range of  green vegetation 
could effectively be  utilized as  a direct 
feed or fertilizer for tilapia in fishponds. 
Application rates of green vegetation 
should not exceed SO kg.ha-'.day-' DM 
for optimum tilapia growth and produc- 
tion, and to  avoid destroying  water qual- 
ity. However, further studies on  the  use 
of  green  vegetation are required, because 
the  present studies were conducted using 
indigenous tilapias (T.  rendall1  and 0. 
shiranus) and there are other Fish spe- 
cies which are grown or of  interest among 
farmers. 
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Abstract 
Mlxed sexes of Oreochromis shkanusand Tilapla rendalllwere stocked in 5-m3  concrete tanks in the 
ratlos of 0:100.  25:75,  100:O  and 75:25,  at the rate of 6 f1sh.m-'.  0. shlranus and  T.  rendalli were 
stocked at mean body weights (4D)  of 12+0.4 g and 12s0.7 g, respectively. Cabbage and pumpkin 
leaves were added to the tanks at a rate chosen to simulate pond condltlons (50  kg dry matter [DM].ha''.day.l) 
as  bundles tied with wire,  fully submerged at a depth of about 30 cm. Make bran was the control, 
added at 50 kg DMeha-'*day-'.  Cumulative treatment effects on fish growth and water quality parameters 
were explained using a nonparametric ranking order test and rnultlvarlate analysis. 
Highest survival rate (98.4%) was  obtained in 100:O  TR:OS  ratlo.  Highest net yields (2,122 kg. 
ha-l.134 days) were obtained in 0:100 TR:OS  Fed  with maize bran followed by 25:75 TR:OS  fed with 
cabbage leaves (1,516 kg.ha-'134  days). Two-way analysis of varlance (ANOVA) indicated that pond 
inputs had significant effects (P<0.001) on water quality (DO, chlorophyll a,  Secchi disk visibility ISDV], 
total alkalinity and conductivity). Pond Inputs also had slgniflcant effects on specific growth rate (SGR) 
(Pc0.05) and weight gain (PeO.001). Specles stocking ratlos had significant effects (PcO.05) on survival 
rates and fry production. Pumpkin leaves had slgnlflcant effects on chlorophyll a.  SDV  and DO, while 
maize bran had significantly increased alkalinity (Pe0.05). 
In vegetable leaf treatments,  best weight gains were obtained in monoculture of Z  rendall/ (225 g 
and 325 g, In cabbage and pumpkin leaves, respectively). 0.  shiranus monoculture performed poorly 
in vegetable leaf treatments,  but dld better in polyculture with maize bran. Vegetable  leaves have 
good potential For  being a pond Input for small-scale, resource-poor Farmers in Malaml. However, to 
achieve an optimal compromise between weight gain and survival,  a 25:75  TR:OS  polyculture might 
be the best combination. 
lntroductlon 
The use of  terrestrial and aquatic veg- 
etation as  Fish  feeds has been reported 
by a number of workers (c-g.,  Pullin 1986; 
Edwards 1987;  Edwards et  al. 1 988: Hasan 
et al. 1990). Fish  yields  of  about  5-6 
kha-'.year-' are possible with vegetation 
as  the sole pond input (Edwards 1987). 
"ICLARM Contribution No. 991. 
'Present  address: Center for Regenerative  Studies, 
California State Polytechnic University, 3801 West 
Temple Avenue, Pomona, CA 91  768, USA. 
In  Malawi, the majority of fish farm- 
ers  grow a polyculture of the  predomi- 
nantly herbivorous 7iIapia rendalli and 
microphagous Oreochromis shiranus. 
Waste vegetable leaves are used rou- 
tinely as fishpond  inputs, especially 
during the hot, rainy season when maize 
bran, the most common pond input, is 
scarce (Chikafumbwa 1990).  Maize bran 
is diverted to  household use during this 
period to  stretch the family's food supply 
(Costa-Pierce et al. 1991  ; ICLARM and 
GTZ  1991). Cabbages and pumpkins are the most 
important cultivated vegetables in 
Malawi. For cabbages, large quantities 
of vegetable wastes are generated, with 
waste or insect-damaged leaves com- 
prising up to  45-49Oh of the total yields 
(Chimatiro 1992). Whereas feeding of 
vegetable wastes to fish  in  ponds is 
practised widely in Malawi, little work 
has been conducted to  investigate their 
use as feeds or Fertilizers to Fish. Our 
objective was to  determine impacts on 
yields and water quality of  different 
tilapia polycultures in  tanks Fed  with 
vegetable wastes. 
Materials and Methods 
The experiment was done  during the 
hot season in Malawi over 134  days (from 
18  September 1990  to 30 January 199  1  ), 
in 5-m3, 1 -m deep  concrete tanks. Treat- 
ments were assigned randomly to 12 
duplicate tanks (Table 1  ).  T. rendal/i(TR) 
and 0. shiranus (0s)  of  mixed sexes 
were stocked by number at four ratios 
(25:75, 0: 100, 100:O and 75:25), at 
6  fish.rn-'  with  mean  body weight 
(MBW+SD) OF  12t0.4  g and 12+0.7 g, 
respectively. 
Cabbage and pumpkin leaves were 
grown on fishpond dikes.  Proximate 
analyses of cabbage and pumpkin leaves 
were done to determine dry matter, 
crude protein, crude fiber, ether extract 
and total phosphorus. Maize bran was 
bought from villages around the National 
Aquaculture Centre (NAC), Domasi. 
Tanks were filled with water From the 
Domasi  River  to I-m  mark and regu- 
larly topped up to replace evaporative 
losses. Ten water quality parameters were 
measured at 0600-0800 hours in all tanks 
at intervals, using the instruments and 
methods detailed in Table 2. Minimum 
and maximum temperatures were re- 
corded daily. All  feedings were done 
once a day at 1400 hours, five days a 
week (Monday to  Friday). Cabbage and 
pumpkin leaves were added at a  rate 
chosen to  simulate pond conditions (50 
kg dry matter [DM].ha-'.day-')  as bun- 
dles tied with wire, fully submerged at 
a depth of about 30  cm. At each addi- 
tion of new material, the remnants from 
the previous addition were left in  the 
tank water. Maize bran  was the con- 
trol, added at 50 kg DM.ha-'.day-'. 
Fish growth was evaluated fortnightly. 
All  fish  in  each tank were netted, se- 
dated with benzocaine (Ross and Ross 
1984),  then weighed individually to  the 
nearest 1 g. Lengths (total and stand- 
ard) were measured to  0.1 cm. Mortali- 
ties were recorded daily. 
At  harvest, all  remaining Fish  were 
individually  weighed and measured; 
tanks were drained and the accumulated 
sediments collected and weighed. Fry 
produced during the experiment were 
collected, counted and weighed For  each 
treatment. 
In  order to explain the cumulative 
treatment  effects on fish growth and 
water quality parameters, a  nonpara- 
metric ranking order test was used (Siegel 
1956;  Alder and Roessler 1972).  Where 
there were more than two  variables, rank 
multiple correlation was measured by 
Kendall's coefficient of concordance (Wc) 
(Zar 1984). To  find  out whether the 
calculated Wc  was significant, Wc was 
converted to  Friedman xZ.  If significant 
concordance occurred For  two groups 
of data, a multigroup coefficient of con- 
c-ordance  was calculated (Schucany and 
Frawley  1973). 
Results 
Proximate analyses OF inputs are shown 
in  Table 3. Overall  nutritional  quality 
of  inputs was very poor; the highest 
crude protein  concentration was in 
pumpkin leaves (5.4Oh). Table  1. Treatments  and application rates  of vegetable  leaves and maize bran.  All lnputs were 
applied to 5-m3 tanks. Wet weights of inputs were as in Table 3. TR = Tilapid rendall/: OS  = Oreochromis 
shiranus. 
Treatments 
Number of fish 
TR:OS  Application rates (g*day-')  per m'  tank 
ratios 
(by  numbers)  Inputs  Cabbage  Pumpkin  Maize  bran  TR  0s 
2575  Cabbage  292  8  22 
0:100  Cabbage  292  0  30 
1  00:0  Cabbage  292  30  0 
75:25  Cabbage  292  22  8 
25:75  Pumpkin  233  8  22 
0:100  Pumpkin  233  0  30 
1OO:O  Pumpkin  233  30  0 
75:25  Pumpkin  233  22  8 
25:75  Make bran  39  8  22 
0:100  Maize  bran  39  0  30 
100:O  Maize  bran  39  30  0 
75:25  Make bran  39  22  8 
Table  2.  Water  quallty  parameters  measured:  methods and instruments used. 
Parameter  Unlts  Instrument  Frequency 
Hach digital 
titrator  Total alkalinlty  fortnightly 
Hach one 
meter  weekly 
fortnightly  YSI 
meter  Dissolved oxygen 
WMI LF9l 
meter  Conductivity  fortnightly 
Spectronic ZOD 








thermometer  daily 
once/month  Ammonia  Hach DREL/5 Table 3. Proximate analysis (%) ofmalze bran (Kadongola 1990). 
cabbage (Brasslca oleracea var.  capltata) and  pump  kin  leaves 
( Cucurbita maxima)  . 
Maize 
Parameter  Cabbage  Pumpkin  bran 
Dry matter  9.9  17.9  93.0 
Crude  protein  2.3  5.3  2.1 
Crude  fiber  5.1  3.0  8.0 
Ether  extracts  5.1  3.0  13.8 
Phosphorus  0.2  0.1 
Table 4 summarizes fish yield pararn- 
eters and Fry  production For  the three 
inputs and stocking ratios. Parametric, 
two-way ANOVAs indicated that different 
inputs had  significant effects on  spe- 
cific growth rates (SGRs)  and total adult 
weight gain. Highest weight gains and 
SGRs were with maize bran for all stock- 
ing ratios. Species ratios had significant 
effects on adult survival  and  fry  pro- 
duction. Kendall's coefficient of concord- 
ance with ties (Wc)  for the 12 treatments 
(species x  Feeds)  for seven  Fish  yield 
parameters (total weight gain, net weight 
gains, survival, fry  production, SGRs, 
net yields and  FCRs)  was significant 
(P<0.05)  (Table 5). 
Mean water quality is summarized in 
Table 6. Inputs had  significant effects 
on  pH, dissolved  oxygen  (DO), total 
alkalinity, Secchi disk visibility (SDV) and 
chlorophyll a (chl) concentrations. Pump- 
kin leaves gave significantly higher mean 
chl, lower SDVs and higher DOs. Maize 
bran  significantly  increased alkalinity. 
Overall  water quality as indicated  by 
the sum of  group ranks (ER,)  was best 
in  25~75  TR:OS tanks fed with cabbage 
leaves, Followed by  100°/o 05  fed with 
pumpkin  leaves. The best water qual- 
ity was achieved with pumpkin leaves, 
followed by cabbage leaves and maize 
bran  (Table 7). Kendall's coefficient of 
concordance with  ties (Wc)  For  the 12 
treatments For  eight water quality vari- 
ables (pH, DO, chlorophyll a, SDV, to- 
tal alkalinity, ammonia and total phos- 
phorus) was not significant (Table 7). 
In  the cabbage and pumpkin leaf treat- 
ments, weight gains were highest in  TR 
monocultures. Monocultures gave best 
weight gains when fed pumpkin leaves. 
For  both  species, highest  percentage 
weight gains were achieved with 25% 
polycultures for all inputs. Best survivals 
were at  25:75 species combinations. 
Higher  Fry  production  occurred  with 
higher proportions of  OS and with the 
cabbage and pumpkin leaf treatments. 
Ayoade et al. ( 1986) and Rajadevan 
and Schramm  (1  989) reported  that 
cabbage leaves had 8.9%  and 13.4%  Fiber 
contents, respectively, whereas Platt 
(1962)  found that pumpkin leaves had 
0.8%. Therefore,  in  tilapia  ponds, 
pumpkin leaves may act more as direct 
feed, and cabbage leaves as a fertilizer 
to the pond environment. 
Overall weight gains were higher with 
maize bran. Although its crude protein 
content was lowest of  the three inputs, 
it  had  93% DM  composed to lSO/o DM 
for pumpkin  leaves. 
From  the water quality data, pump- 
kin  leaves gave a higher production of 
natural  Foods  as shown by  the higher 
pH  values, DOs, chl, and lower  SDVs 
(Tables 6 and  7). This  may  be  due to Table 4. Yield characteristics for varlous ratlos 01 Tilapia rendalli and Oreochromh shimnus in 5-m'  tanks For  134 days. Weight galn  Is for adults only. Total welght galn Includes try.  Two-way  slgnIAcancc  levels 
are lndlcated by asterisks ('=5%.  "=I%  and "'=0.1%1. 
Treatments: (Feeds and specles ratios) 
Variable  Slgnlflcance 
Cabbage  Pumpkin  Malze bran  levels 
Average  lnltial welght (gl 
range (g) 
Average  Rnal welght (g) 
range (g) 
Welght galn (g) 
5urvlval rate (%) 
Fry production:- 
Total (g) 
%of  total production 
Total welght galn (g) 
Mean net yleld:  - 
kg ha-' 134 days 
SGR (%/day) 
FCR 
Sedlment yleld (kg) 
Inputs"' 
Rntlos' 
Inputs' Table 5.  Harvest data for  Tilapia rendalli (TR) and Oreochromis shiranus (05). Performance is expressed  by ranking. First row (not numbered) gives the combination ratios of  TR:05.  Rows 2, 
5. 8, 9.  14  and 23 are group ranks for effects of  stocking ratios on fish performance  holdlng Feed constant,  e.g.  Row 2,  are ranks for effects of combination ratios on  total welght gain (TR+OS) 
where fish were Fed on cabbage, pumpkin leaf and maize bran Imadeya), respectively.  Rows 3. 6.  10, 12. 15, 19, 21 and 24 are ranks for the interactions between combination ratios and 
reeds, e.g. Row  L data are ranks For  the combined effect OF  combination ratios and feeds on total weight gain (TR+OS). Rows  1.  5. 7,  11.  13,  16,  17, 18.  20 and 22 are the actual data in 
grams (g): kg-ha-' per 134 days and/or percentage (%I;  FCR5 have been calculated taking into consideration the weight OF  fry  produced.  (zR,)  is a summation OF  six-rank groups in rbws 10, 
12,  15,  19, 21 and 25. # = Treatments  tied for ranks. hence given the average of  the tied ranks (triedman 1937). Kendall's coeFficient of concordance, with ties (WJ is 0.33  (Kendall 1962; 
Lar 1984). We is significant at < 0.025 because: -X',=M(n-13=22.03  1 is  greater  than  0.05,  11  =  19.675  where  Is  Friedman Chi-square (Friedman  1937): M =  number of groups (6); 
n-number  of entlties (group and total ranks minus rows 8. 9) ranked (12): and (5)  is the rank For  (1%)~. 
Treatments 
Row  Resuits  TR:OS  25~75  0:100  100:O  75:25  25:75  0:100  100:O  75:25  25:75  0:100  10O:O  75:25 
Feed  Cabb.  Cabb.  Cabb.  Cabb.  Pumpk.  Pumpk.  Pumpk.  Pumpk.  Madeya  Madeya  Madeya  Madtya 
Total  TR+OS 
weight  Group ranks 
gain  Total ranks 




Total  TR+OS 
wet  Group ranks (TR) 
weight  Group ranks (05) 
gain  Total ranks (TR+OS) 
(%) 
Survival  TI+OS 
(%I  Total ranks 
Fry  (51 
production  Group ranks 
Total ranks 
SGR  TR 
(%-day-')  05 
TRiOS 
Total ranks 
Net yietd  TR+OS 
(kg-ha-'-  134 dl  Total ranks 
FCR  TR+OS 
Group ranks 
Total ranks 
Sum of group ranks  Izq 
26  Overall ranks  (5) Table 6. Overall mean water quallty parameters in 5-mS3  tanks  for 134  days. Two-way slgniflcance levels are Indicated wlth stars ('<S%.  "<I%  and "'~0.1%).  Figures In parentheses are 
ranges of the means. TR  =  Tllapia rendalll: 05  =  Oreochromls shiranus.  NS - no slgnlllcance. 
Treatments:  (Feeds and spectes combinatlon ratlos. TR:OS) 
Water  Cabbage leaves  Pumpkin leaves  Maize bran 
quality  SlgnIficance 












Img. I  '1 
Ammonia 













Inputs"' Table 7. Overall mean and rank orders for water quaiity parameters. pH  values of  6.0-8.0 were assigned a rank of 1;  every 0.1 pH unit <6  or >8  were assigned a rank of 2, etc. 'Treatments  that obtained equal Scores thereby tied for ranks, hence 
given the average of the tied ranks (Friedman 1937): Group 1 treatments lied br  rank 3: Group 2 treatments tied for ranks 11 and 12, hence given 11.5; Group 3 treatments tied for ranks 7 and 8, hence given 7.5; Group 4 rreatments tied for 
rank5 6 and 7, hence given 6.5:  Group 7 treatments tied fo~  ranks 7 and 8, hence given 7.5; (~$1  Is the sum oFGroups 2, 3, 4, 5,6,  7 and 8 (Group 1 is excluded): Kendail's weficient ot concordance, with ties (W)  Is 0.065  (Kendall 1962: Zar 
19841; W  is  not significant at > 0.05 because x:  = M(n-  l)W = 5.72 <  0.05.  11 = 19.675 where  is Friedman  (Friedman 1937): M = number of groups (8): n = number OF entities ranked (121: and (3)  is the rank for (~3)s. 
Treatment 
Sum of 
Spedes  TY  pe  Chlorophyll a  Alkalinity  Ammonia  Orthophosphate  Conductivity  group  Overall 
ratios  of  pH  DO (mg I-'  (mg  I-'  I  SDV  (cml  (mg-  I-' )  1mg.1-'  )  [mg  1-3  Img I-'  ranks  ranks 












Madeya their fertilizing effect from high total 
phosphorus (0.09O/o)  and crude protein 
(5.4%) (Table 3). 
When treatment parameters were 
subjected to  parametric analyses, most 
of the results were inconclusive. ANOVA 
showed  no  significant difference among 
treatments. However, ranking order tests 
demonstrated significant effects on fish 
yield parameters. Kendall ( 1962) sug- 
gested that the best estimate of the true 
ranking of  N treatments is given, when 
Wc is  significant, by the order of  the 
sums  of  ranks, CR,.  Using this, the best 
fish growth here was  achieved with maize 
bran and 1 OOO/o 05,  and with maize bran 
and 25:75  TR:OS. These treatments gave 
the lowest ERi values of 16.5  and 24.5, 
respectively, followed by that for 25:75 
TR:OS with pumpkin leaves (CR,=30).  A 
ranking order test also showed that 
pumpkin leaves had the most influence 
on water quality. 
Overall, the best weight gains were 
obtained in TR monoculture, and the best 
weight gains in  monocultures of  both 
TR and 05  were achieved with pump- 
Itin  leaves. This suggests that there is 
little synergism in TR:OS polycultures. 
However, to achieve an optimal com- 
promise between weight gain and sur- 
vival, a 25:75 TR:OS polyculture might 
be the best combination. For resource- 
poor Farmers, pumpkin leaves may form 
a good substitute for maize bran.  Be- 
cause fry  production was higher for 
vegetable treatments, feeding of  such 
vegetable waste may help alleviate 
fingerling shortages among fish farm- 
ers. Further research is  needed to  test 
whether these indications  from tank 
experiments hold true in Farin  ponds. 
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Abstract 
The effects OF varying protein-energy levels were studied on males OF Sarotherodon melanotheron 
(7.5 g)  kept in aquaria with the following results: 
- the feed-energy  level significantly affected food consumption while crude proteln levels did 
not: 
- the hlghest weight gains,  Feed conversion ratios and protein efficiency  ratios were reported 
from  individuals fed  with a compound feed  containing 30% crude  proteins contributing about 
1.700 kJ.100  g of feed-'. The optimum protein-energy ratlo for this species was Found to be 17 mg 
protein.kJ-'. Increased or decreased values resulted In poorer growth performances; and 
-  body fat  levels are directly  related to diet llpld levels and are  inversely  related to protein 
levels. 
Introductlon  Materials and  Methods 
Sarotherodon  melanotheron  is  a 
species  of  lagoon  tilapia  much 
appreciated by lvorian consumers. Its 
potential  for aquaculture has already 
been reported (Pillay 1965; Pauly 1976: 
Silvalingarn  1979; Legendre  1983; 
Albaret  1987; Legendre et al.  1989). 
Several studies were conducted by the 
Abidjan Oceanographic Research Center 
(CRO) to  develop the aquaculture of this 
species in lvorian lagoon environments. 
Preliminary  results (Legendre 1983, 
1986;  Cisse  1986)  showed  high 
variability in  feed conversion  ratios 
depending  on the compound feed used 
and the culture system. This study 
investigated different dietary protein- 
energy ratios and their effects on the 
food consumption, growth and body 
composition of  the fish. 
A 45-day experiment was conducted 
at  the Layo Station (Cbte d'lvoire) in a 
series of rectangular 175-1 aquaria with 
recirculated water using an EHEIM 201 3 
biofilter. Water was  recirculated at a rate 
of  5-6  Iemin-'.  Physicochemical  para- 
meters were measured  giving  the 
following values: water temperature 
(28i  1  "C); oxygen concentration (5.5- 
6.3  rng.1.'); pH (6.2-7.5);  and N-ammonia 
and nitrite concentrations maintained 
below 0.008 and 0.15 mg.1-', respec- 
tively. 
The  experiment  followed  a  3x2 
factorial model with feeding treatments 
containing three crude energy levels 
(1,600~  1,700  kJ.  100  g of feed-')  for two 
levels of crude proteins (20  and 30%). 
The actual  protein  levels for  each 
treatment  after  chemical analysis are presented in Table  1.  The energy levels 
in  all treatments were estimated using 
the following coefficients: 5.5 Kcal.day-' 
for proteins, 9.1 Kcal-day-'  for lipids and 
4.1 I<cal.day-'  for carbohydrates (Jauncey 
and  Ross  1982). Energy  sources and 
proteins were essentially of the same 
quality in all treatments. Ground-nut oil 
levels varied while cod liver oil was kept 
at constant levels to reduce changing 
palatability among treatments. The feed 
was mixed, moisturized (20%  water) and 
extruded through the  1 -mm orifices of 
an  Alexanderwerk  AGM-8876  micro- 
pelleter. The  moist  pelleted feed was 
steam-dried  at  50°C to achieve  a 
moisture content 51  0% before placing 
it in  airtight plastic bags and stored in 
an air-conditioned room at 20-22T until 
utilization. 
The fish used in this experiment were 
young male  S, melanotheron  (mean 
individual weight: 7.5 g)  from two pairs 
of  siblings. Fish previously receiving a 
feed  containing 45% proteins were 
starved For  two days before the begin- 
ning OF the experiment. Six replicated, 
experimental groups were set up with 
30 individuals per aquarium. Each batch 
was given a test Feed distributed manu- 
ally twice daily, six  days a week. The 
daily  Feeding  rate  was  determined at 
Table 1. Composition of the experimental Feed (% of dry matter). 
- 
Groups, feed (Yo  DM) 
Composition 
A  B  C  D  L  F 
Local fish meal"  22.22  22.22  22.22  38.89  38.89  38.89 
Soy cake  16.71  16.71  16.71  19.00  19.00  19.00 
Groundnut oil  3.40  7.10  10.90  0.00  3.80  7.50 
Cod liver oil  3.00  3.00  3.00  3.00  3.00  3.00 
Maize meal  10.80  15.00  22.90  7.20  13.80  24.25 
Wheat bran  38.37  30.47  18.77  26.41  16.61  1.86 
Binder (cassava  3.00  3.00  3.00  3.00  3.00  3.00 
meal residues) 
Vitamin mixb  1.50  1 -50  1.50  1.50  1.50  1 .SO 
Vitamln C  0.50  0.50  0.50  0.50  0.50  0.50 
Mineralsc  0.50  0.50  0.50  0.50  0.50  0.50 
Analysisd (% DM] 
Ash  10.81  11.50  12.90  13.31  13.52  15.15 
Crude  fiber  8.1  1  7.02  6.32  6.32  4.83  4.33 
Crude proteins (NxG.25)  21.50  22.00  20.98  31.07  30.75  30.45 
Fat  8.1 1  10.10  12.40  5.02  6.80  7.50 
Nitrogen-free  extract  51.47  49.38  47.40  44.28  44.10  42.57 
Values 
Crude energy (kJ.  100 g-')  1.61  1.74  1.84  1.62  1.72  1.76 
rng protein,kJ-I  13.3  12.7  11.4  19.2  17.9  17.3 
'Tuna  residues from local canning industries. 
%g-kg.'  OF  feed - Vit. E:  25.000; Vit. Bl: 5.000; Vit. B2: 6.000: Vit. 86: 5.000: 
Vit.  PP:  40,000;  Vit.  812: 4;  AP:  16,000;  Vit. K:  5.000:  Folic acid:  1.000: and 
Choline chloride: 250. 
'rng,kg,'  of Feed -  Cobalt:  25; Iron: 22.000;  Iodine: 2.500;  Manganese:  13.500: 
Copper: 1,500; Zinc: 7,500; and Selenium: 45. 
dAnalyses  done at the Central Laboratory for Animal Nutrition (LACENA). 10%  of the total fish biomass. The Feed 
left unconsumed was recovered by si- 
phoning after each feeding. Daily mean 
consumption was determined by sub- 
tracting the dry weight of  the excess 
feed from the quantity of feed distrib- 
uted. The feeding rate was adjusted each 
week according to  the fish biomass found 
in each aquarium. 
The feed conversion ratios (FCR), de- 
fined ns the ingested dry feed/wet weight 
gain ratio, were estimated. The protein 
efficiency coefficient (PER -  wet weight 
gain/ingested proteins) and the energy 
efficiency (wet weight gain11 00 Kcal in- 
gested) were estimated based on ini- 
tial and flnal mean weights?  ANOVA and 
Duncan's Multiple  Range Test  ( 1955) 




In  5. melanotheron,  food consump- 
tion was significantly  affected (Pc0.05) 
by feed energy level. In  effect, food  in- 
take decreased as  the calorific content 
of the feed increased. A change in protein 
content from 20 to 30% did not have 
any significant effect (b0.05)  on the 
quantity of feed consumed (Table 2). 
Weight Gain, FCR  and PER 
Results are summarized in  Table 3. 
At the end of the experiment, all batches 
Fed  with a 20% crude protein diet clearly 
showed poorer growth performance 
compared to batches fed with a  30°h 
protein diet, irrespective of  the Feed 
energy level. 
FCR  were generally high, especially 
in batches fed with a 20% protein diet. 
The PER  also varied. Batch  E  gave the 
best results but, In contrast to  FCR, there 
Tame  2. Mean food consurnptlon for  Sarothero- 
don melanotheron over  45 days of experlrnenta- 
tion'. 
Daily consumption 100 g of Ash-' 
Batch 
Dry  feed  Crude  Protein 
ingested  (g)  energy  (kj)  (g) 
Walues  with  the  same letters are  not  statisti- 
cally  different  (P>O.OS). 
was no clear difFerence between batches 
fed with a relatively high protein diet. 
In  this experiment, individuals fed with 
a 30% crude protein diet contributing 
about 1,700  kJ.  100 g of feed-' showed 
the best performance. Under our experi- 
mental conditions, 17 mg protein kj-' 
was found to be the optimum protein/ 
energy ratio for S.  melanotheron. In- 
creased or decreased values resulted 
in poorer growth performance. 
Body Composition 
of the Experjmentd Fish 
After 45 days of experiment, the over- 
all  body composition of  the fish  was 
clearly  affected  by  feed  quality, 
particularly in body fat and water content 
which varied in opposite directions (Table 
4).  For proteins, the highest level (16.3OIo) 
was  found in  fish fed with a 30% pro- 
tein diet and the lowest (1  4.8%)  in fish 
fed with a 20% protein diet. 
Dlscusslon 
These results show that low protein 
diet was less efficient. Although fish were 
fed twice a day, they seemed to be Fed 
to  satiation considering the quantities Table  3.  Effect  of  the  different  feeds  on  the  growth  perfomance  of 
Sarothcrodon  melanotheron  after  45 days of experimention". 
Weight gain (%) 
Batch  FCR  PER 
Weight  Protein  Energy 
A  355  d  225  cd  240  d  3.89  c  1.19  c 
B  339  cd  244  c  278  d  3.18  b  1.42  b 
C  198  e  189  d  363  b c  5.25  d  0.91  c 
D  470  b  374  a  310  cd  1.80  a  1.79  a 
E  535  a  41 1  a  414ab  1.54a  2.11  a 
F  380  c  312  b  467  a  2.22  a  1.48  b 
'Values  with  the  same  letters are  not statistically  different  (P3.0.05). 
Table  4.  Body  composition  of  Sarotherodon 
melanotheron  after  45 days  of experimention'. 
Body composition (96 wet welght) 
Batch 
Water  Crude  Crude 
proteins  lipids 
"Values with the  same  letters are  not  statistl- 
cally  different  (b0.05). 
of  feed freely consumed (Table 2). 
However, the quantities ingested varied 
from batches to  batches. The differences 
observed are most  probably due  to  the 
effects of the protein-energy ratio than 
the lipid-carbohydrate ratio in the feed. 
Our results support  those of Shell (1  969), 
Winfree and Sticlmey ( 198 1 ) and Jauncey 
( 1 982) on Oreochromis mossarnbicus, 
0.  aureus and 0.  niloticus, respectively, 
in  that  tilapia  regulate  their  Food 
consumption according to energy intake 
not protein intake. 
As Alliot et  at. (1  979) indicated, the 
daily quantities of  proteins ingested 
under our experimental conditions may 
be insufficient to respond  to growth 
requirements, and this may be accen- 
tuated by  the high  levels of  carbohy- 
drates in  the feed. Palmer and Ryman 
(1  972) have shown rhat hyperglycemia 
in trouts caused a fall in the serum free 
amino acids, producing changes in 
nutrient  absorption. Our results also 
confirm the observations made by these 
authors on the importance of lipids as 
a source of energy in fish. 
From the viewpoint of  body compo- 
sition, the feed energy levels did not 
seem to have any effect on the accu- 
mulation of fat. In  fact, body composi- 
tion seems to be directly related to  the 
crude lipid levels in the feed. In effect, 
batches B  and C  were found to store 
more fat than batches D and E. In general, 
batches fed with  a  low protein diet showed the highest crude lipid levels, 
which  can  only be explained by  an 
important imbalance in  the feed. 
This study has certainly not assessed 
all the nutritional requirements that must 
be considered to improve the growth 
performance of S. melanotheron but it 
has shown some important factors that 
must be taken into consideration when 
developing experiments in  which  the 
effects of natural productivity are added 
to those of  the feeds that are given. 
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Abstract 
The effect of cottonseed cake as  a supplementary Feed was tested in tilapla-catfish polyculture ponds, 
whlch recelved dry cattle manure as a basic treatment. Cottonseed cake is relatively expensive while old, 
dry cattle manure is Freely available from the corrals left by pastorallsts. Three treatments were tested in  six 
earthen ponds of 525 mZ  each:  (A) dally application of dry cattle manure at 266 kg.ha.'.day.';  (6) daily 
manure + cottonseed cake at a nomlnal daily rate of 3% of  tilapia biomass; and (C) daily manure + cottonseed 
cake at 6% of tllapla blomass. Stocking rates per pond were 250 male Nile tilapia.  Oreochromis n/ioticus 
(mean welght 222 g); 150 Female tilapia (202 g): 30 'large"  North African catflsh.  Clariasgarlepinus (198 
g):  and 30 "small" catfish (52 g). Feed was glven slx days per week, and the culture period was 100 days. 
Feeding rates were adjusted monthly. Average extrapolated annual  pond productlon lncludlng recrults 
was: (A)  -0.4 t.ha-'*year-'; (B) 4.9 Pha-'.year.'; and (C) 6.5 t.ha",year".  Best growth was observed In  Treatment 
C (male tllapla: 0.9 gday-'  and large catfish: 6.9 g.day"),  but production and growth In  Treatments B and C 
were not dlfferent (P>0.05). The mean production  OF tilapia Fingerlings in  Treatments B (1,539 kg.ha-',year- 
') and C (1.829 kgeha-',year-') were not significantly higher than in  Treatment A (468 kg.ha-'.year.'), where 
catflsh predation was probably more intense (P>O. 10). 
lntroductlon 
In  northern Cameroon, the two most 
important by-products  available in  large 
quantities as  Bshpond inputs are brewery 
waste and cottonseed cake meal. Brewery 
waste  has  been  used  successfully 
(Middendorp 199%) but it is  bulky, wa- 
tery and acidic.  The more expensive 
'A  more  detailed account of  thls work has been pub- 
lished: see Mlddendorp 1995b. 
bPresent address: Oxbow Lakes Small Scale Fisher- 
men Project. P.O.  Box 12, jessore 7400, Bangladesh. 
cottonseed cake is  a dry product, which 
stores  well and is easy to  handle. It is used 
primarily as  cattle feed during the  dry sea- 
son. Jackson et  al. ( 1982)  marked cottonseed 
cake  meal as a superior source of plant protein 
for tilapias, compared to  copra cake, soybean 
meal or groundnut cake. 
An experiment was set up to evaluate 
the utility of locally available inputs, nota- 
bly old, dry cattle manure, which is  freely 
available from the  temporary corrals when 
the pastoralists have left after the rainy 
season, and to  investigate  cottonseed cake 
as  a supplementary feed. An attempt was 
also made to control the reproduction of Nile ti lapia ( Oreochromis nllof-icus)  stocked 
as postfingerlings, by polyculture with the 
omnivorous African catfish ( Clarihsgariepinus) 
as a  potential  predator: the "police-fish 
concept." 
The experiment was conducted at the 
Lagdo Fisheries Station, near Garoua, north- 
ern Cameroon. The station is located in 
an irrigation  scheme of  about 1,200 ha 
( 1993).  Water is received by gravity from 
the Lagdo dam (700 kmz), which  filled 
up completely  in  1988. Rearing  tilapia 
postfingerlings  to  harvest weights of 300 
to 350 g is necessary at the Lagdo Fish- 
eries Station, in order to obtain competitive 
market prices. Wild tilapia (Sarof-herodon 
galilaeus) of this size are caught in  huge 
quantities from the Lagdo reservoir (es- 
timated annual catch 8,000  to 10,000 t, 
70% of  which  is 5.  galilaeus), thereby 
depressing the market price for smaller 
(cultured) tilapia. 
Materials and  Methods 
Facilities and Fish 
Six 525-mz earthen ponds were stocked 
with Nile tilapia and catfish at the onset of 
the rainy season of  199  1. The pond bot- 
toms had been previously cleared of mud. 
Stocking rates (average  weights) per pond 
were: 250 male tilapia (222  g),  150 female 
tilapia (202 g),  30 "large" catfish (198 g) 
and 30 "small" catfish (52  g).  The overall 
fish densities were: 7,6  19 tilapia,ha-' and 
1,143  catfish.ha-'. All tilapia came from the 
same batch  of  broodstock  and had  been 
raised in three parallel ponds on the same 
diet. The numbers of tilapia stocked were 
limited by their availability.  The catfish came 
from  two different  batches (Middendorp 
1993).  The large catfish were stocked on 
the same day as the tilapias, as 20% of the 
number OF Female tilapias. Small catfish were 
added after 40  days (also  as 20%) in a sec- 
ondary attempt to control the apparent large 
numbers of swim-up tilapia fry in all ponds. 
Experimental Procedure and Feeding 
Three treatments were tested in  dupli- 
cate. Treatment A was a daily application 
of dry cattle manure (bucket of 20 I, weighing 
about 14 kg),  which corresponded to 266 
kgha".day.'. Treatments B and C comprised 
this same manure application plus cottonseed 
cake meal at nominally 3% (8)  and 6% (C) 
of  the tilapia biomass per day. Feeding was 
done six days per week, in  the afternoon. 
The cottonseed cake meal was allowed to 
moisten during the day with a little water. 
The percentage composition of  the com- 
mercial  pre-pressed  solvent-extracted 
cottonseed meal, as used  in  this experi- 
ment, was assumed to be similar to that 
reported by  Jackson et al. (1982): mois- 
ture 8.2, protein  42.7, ether extract  1 .O, 
ash 8.2, fiber  12.6, N-free  extract 27.3, 
available lysine 92  and free gossypol0.03. 
Its phosphorous content was assumed to 
abaut 1.36% of  dry matter (Gohl 1975 in 
Jauncey and Koss  1382). 
Feeding began on 2 May 199  1,  after five 
days of acclimatization. Samples of tilapia 
were weighed  and measured  every five 
weeks (sample size: 10%)  and feeding rates 
were adjusted accordingly. The last Feed- 
ing was on 8 August 199  1 and the ponds 
were drained and harvested in the follow- 
ing days. Total experiment time, which was 
calculated from the First to the last feeding 
day, was 100 days for the male and female 
tilapias and for the large catfish. However, 
rearing time for the small catfish was only 
55  days (assuming five  days of nonfeeding 
right after stocking). 
Pond oxygen and turbidity (Secchi disk) 
were measured in all ponds once every week 
at 0800 hours. On the last day of the trial. 
about 15 minutes after feeding, two tilapias 
per pond were killed to examine gut con- 
tents. Datil Analysis 
Fish  were batch-weighed and counted 
at stocking and at harvest. Average initial 
(W,) and final weight (Wt)  were calculated. 
Growth was expressed as  daily growth rate 
(DGR: g.day-') and as  specific growth rate 
(SGR: %BW.day-'), calculated as: 
@wt- I~w~) 
SGR  =  xi00 
t 
Fish  production per pond was defined 
as  the total yield minus the total stocking 
weight.  Extrapolated  pond production 
(t.ha-')  was adjusted for the shorter rearing 
period of the small catfish. 
Two difkrent feed conversion ratios (FCR) 
were calculated:  the total quantity of 
cottonseed cake meal given to the pond, 
divided  (1) by  the combined  production 
of the tilapia and catfish originally stocked, 
but not including their fingerlings; and (2) 
by the total pond production of tilapia, catlish 
and their fingerlings. 
At harvest, 20  female and 20  male tilapias 
from each pond were measured individu- 
ally to  the nearest 0.5 crn (standard length, 
SL) and weighed (W).  Condition factor (CF) 
was calculated as  by Pitcher and Hart (1  982): 
Means and coefficients of variation (CV) 
were computed. Differences between means 
were tested by Tukey's multiple range test 
(k0.05).  The general model tested was: 
Y=rn+Tr,_,+e,,,  with W,,  W,, DGR, SCR, Pro- 
duction, FCRand Ras variables (Tr=treatment 
factor; and j=2: number of pond replicates). 
The sampling results at harvest were analyzed 
as: Y=rn+Tr,P,+Poj_,+e  ,,,,  with SL, W, and CF 
as  variables (Po=pond factor: j=2: number 
of pond replicates: and k=25:  number of 
fish sampled). 
Results 
Mean pond temperature varied  from 
28.0°C in the morning to 3  1.1  'C  in the af- 
ternoon. Secchi disk readings and oxygen 
measurements are presented in  Table  1. 
Overall mortality of stocked tilapia was less 
than  1%. Tllapia  fingerlings were numer- 
ous. All catfish were recovered, plus a few 
catFish fingerlings that were Found  in  four 
of the six ponds. 
Total weights offish at stocking and harvest 
are shown in Table 2. Daily growth rates 
(DGR) and specific growth rates (SGR) were 
significantly different between Treatment 
A and both Treatments B and C for all types 
of fish. Growth rates were not different bet- 
ween Treatments B and C, except for DGRs 
of the small catfish. Within treatments, growth 
of  male tilapia was not significantly bet- 
ter than growth of female tilapia (Fig. 1). 
Both small and large catfish grew signifi- 
cantly faster than the tilapias and the  SGRs 
of small catfish in Treatments B and C were 
significantly higher than that of large cat- 
fish. 
Mean fish  production in kilogram per pond 
and per type of fish is presented in Table 
3. Extrapolated annual pond production, 
including fingerling yield, was: Treatment 
Table  1. Mean Secchi disk depths and dissolved oxygen at 0800 hours. Treatment means within the same 
time period, and with different superscripts are significantly different (Tukey's test, P-0.05). 
Treatment  A  B  C 
Secchi  Oxygen  Secchi  Oxygen  Secchi  Oxygen 
(cm)  (rng.1.')  (cm)  (rng.1.')  (cm)  (mg.1-') 
May, June  21.1  13.4  19.6  11.3  21.8  10.9 
MY  19.4"  10.6  1 5.0b  6.4  1 5.0b  7.1 Table 2.  Production  parameters (two replicates per treatment).  Pond size:  525 m2. 
Rearlng  time: 100 days, except for small catfish (55  days). Treatment means with different 
superscripts are significantly  different (Tukey's test.  P=0.05). See  text for  details of 
Treatments A. B and C. 
Treatment  A  I3  C 
Tilapia males (250 flsh per pond) 
lnitial weight (g) 
Harvest weight (g) 
DGR (g,day-I) 
SGR  (%BW,day-I) 
Tilapia females (1  SO  fish per pond) 
lnltlal weight (g) 
Harvest weight (g) 
DGR (g-day-') 
SGR  (O/oBW.day-I) 
Large catfish (30 fish per pond) 
lnitial weight (g) 
Harvest weight (g) 
DGR (g.day-I) 
SGR  (%BW-day-') 
Small catfish (30 fish per pond) 
Initial weight (g) 
Harvest weight (g) 
DGR (g.day") 
SGR  (%BW.day") 
300  Females 
Fig.  1. Growth curves of tilapla (Oreochromis niloticus) males and females stocked with catfish (Clarias 
gariepinus) in 525-m2  experimental ponds. The plotted points are means of  fish From duplicate ponds For 
each treatment: (A)  dry manure only; (B) dry manure and cottonseed cake fed at 3% biomass per day; and 
(C) dry manure and cottonseed cake fed at 6% biomass per day. Table 3. Mean flsh  productlon in kilogram per pond of 525  rnZ. Trna=stocked male tilapla.  Oreochromis 
niloticus: Tfm=stocked  female tilapia:  Clg=stocked  large catfish.  Clarias gariepinus:  Csm=stocked  small 
catflsh: Tf=tilapia fingerlings: and Cf=catfish fingerlings. CSC Is the total amount of cottonseed cake fed per 
pond. FCRl  is calculated over the stocked Fish  productlon only: FCR2 Is calculated over total pond produc- 
tion. Means with different superscripts are significantly different (Tukey's test. P<0.05). 
Treatment  Trna.  Tfrn  Clg  Csrn  Tf  Cf  Stock*  Total**  CSC  FCRl  FCR2 
'Combined  production of the originally stocked tilapia and catfish, not including their fingerlings. 
"Total  pond production of tilapia and catfish plus their fingerlings. 
(A) -0.4 t.ha-'.year-'; (B) 4.9 t-ha-'-year-'; 
and (C)  6.5 t.ha-'.year1.  Average male tilapia 
production represented an increase of 25% 
(B)  and 42% (C)  of  the total weight of  male 
tilapia at  stocking, compared to  an increase 
OF 278% (8)  and 345% (C) of large catfish 
stocking weight. Small catfish production 
even increased by 447%  (B) and 644% (C). 
Average tilapia Fingerling yields in Treat- 
ments  B (1,539  kgha-'.year-')  and C (1,829 
I<g,ha-'.year-')  were nearly four times the 
average Fingerling yield in Treatment A (468 
kgha-',yeari),  although the differences were 
not significant due  to  high variation in Treat- 
ment  C (P>O. 10).  Mean feed conversion rate 
of cottonseed cake meal calculated over 
the total pond production was 4.0 (B) and 
6.0 (C) (b0.05). 
Tilapia standard length (SL),  tilapia weight 
(W)and  condition factors (CF) at harvest 
were significantly different between Treat- 
ment A and Treatments B and C (Table 4). 
The poor condition OF female tilapia in Treat- 
ment A, which continued to  reproduce while 
losing weight, was  visible to  the naked eye. 
Tilapias from all treatments had Fully filled 
intestines and stomachs at  dissection. How- 
ever, in Treatment A the gut  contents con- 
sisted of  a greyish muddy substance com- 
pared to  the dark green algal mass Found 
in  Treatments B and C. Some cottonseed 
calte meal was also Found, but the quan- 
tity was insignificant compared to  the in- 
gested algae. 
Dlscusslon 
The rationale of manuring all  fishponds 
at a relatively high rate was to  establish a 
basic level of pond productivity against which 
the supplementary effect of cottonseed cake 
could be compared. However, application 
of  old, dry cattle manure alone led to a 
significant decrease in tilapia body weight. 
Fish were observed browsing through the 
manure, but apparently did not gain any- 
thing From  it. The old cattle manure, al- 
though applied at  a relatively high rate, did 
not introduce sufficient nutrients into the 
pond in  order to even maintain the total 
Fish  biomass. It  was presumably poor in 
nutrients because of  leaching during the 
rainy season. 
Cottonseed calte is  both high in  nitro- 
gen and phosphorous, and supports  dense 
algal blooms via decomposition or via fish 
feces. Fish fed vigorously when cottonseed 
cake was applied. The moistened cake 
leached small milky "clouds" in the water. Table 4. Standard length and weight of male and female tilapias (n-ZO), and the condition factor (W/SL3). 
Means within treatments, wlth different superscripts,  are signlflcantly different (Tukey's test,  P=0.05). 
-  - - 
Females  Males 
Treatment 
Length  Weight  Condltlon  Length  Weight  Condition 
(SL;  cm)  (g)  factor  (SL; cm)  (s)  factor 
A  17.7'  160.7'  0.029'  1  8.6b  198.Zb  0.03 1 
B  18.8'  213.1'  0.032'  21.1b  298.6"  0.032' 
C  19.6"  249.5'  0.033'  21.3@  3 1  2.0b  0.03Zb 
It  took about five weeks for the algal blooms 
to develop (even longer before differences 
showed in Secchi disk readings),  occurring 
a little sooner in  Treatment C. Once estab- 
lished, the bloom was maintained until the 
end of  the experiment. 
However,  concerning  the  utility of 
cottonseed cake-induced algal blooms as 
nutrient resource for Nile tilapia, it  has  been 
pointed out that if the examined tilapia guts 
were filled with green algae instead OF blue- 
green algae, the tilapia would then have 
derived very little nutritional benefit From 
these (R.S.V.  Pullin, pers. comm.). The al- 
gae had not been examined, but the wa- 
ter was dark green, suggesting blue-green 
dominance. Hence, most fish growths in 
Treatments B and C were probably derived 
from the cottonseed cake. 
Considerably lower quantities of tilapia 
hy were harvested from Treatment A probably 
due to catfish predation, although possi- 
bly the reproductive output of the tilapia 
was also lower in this treatment. Catfish 
clearly grew much better in Treatments B 
and C, where they had access to the sup- 
plemental cottonseed cake meal and where 
they were therefore probably less piscivorous 
and not effective in controlling tilapia re- 
cruitment. 
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Abstract 
The  adaptation of flsh to a new feed was  monitored for  the first week of experiment  by measuring 
variations in the apparent digestlblllty coefficient (ADC) of dry matter, nitrogen and organic matter. Three 
serles of experiments  were conducted on nlne different feeds and one reference feed. Each feed was distributed 
to two batches of anlmals.  Each  batch comprised  15 fish (87+4 g)  for the first  experiment,  and 20 
Ash  (1  77k3  g)  for the secohd and third experiments. Feces were collected every 12 hours (0800 and 1700) 
before each distribution of feed. The  influence of the daylnight cycle on dlgestiblllty was  measured by 
comparing feces excreted by day with those excreted by nlght. ADC values obtained during the first day of 
distribution were significantly lower than those obtained over the following days. There was no difference 
between day and night in the ADCs of nitrogen and organlc matter, except for the flrst meal. However, a 
slight difference between day and night in the ADC of dry matter does perslst beyond the second day. To 
determine the ADC of a feed, the First collection of feces must occur at least 24 hours after the flrst distribution 
of feed. If fish are Fed  several times per day, it is best to use the aggregate of feces excreted In each 24- 
hour period to estimate a practical value for the different ADCs. 
The ADCs of dry matter, proteins (nitrogen)  and organlc matter were determined for several by-products 
available in CBte d'lvoire: fish meal, maize meal, cassava meal, copra cake, soy cake and cotton cake. 
The use of agricultural by-products in fish 
feed  requires a  good knowledge of the quality 
of  these by-products.  From  a  nutritional 
viewpoint, the  digestibility of the  nutrients 
in a by-product is an essential criterion. The 
results of digestibility studies are  therefore 
an essential tool, not only for researchers 
but also for manufacturers of fish feed. 
Digestibility measurements rely on the 
use of  an indigestible marker in the feed. 
"Current  address:  ORSTOM-GAMET,  BP  5095 
F-34033,  Montpellier Cedex,  France. 
Digestibility  studies have caused many 
controversies over the  type of  marker used 
(Bowen 1978; Lied  et al.  1982; De Silva 
and Perera 1  983; Tacon and Rodrigues 1984) 
or the choice of  collection method for feces 
(Smith and Lowell  1973: Austreng 1978; 
Wlndell et al. 1978; Cho et al. 1982; Cho 
et  al. 1985; Vens Cappell 1985; Spyridakis 
et  al. 1989). In contrast, relatively few studies 
have focused on the time needed for the 
Fish  to adapt to the test feed and on the 
diurnal  or  infradiurnal  variations  of 
digestibility (De  la Noiie et al.  1980; De 
Silva et  al. 1990). 
The objective of this study was there- 
fore to define the adaptation time of 
Oreochromis niloticus to a marked feed, and to  test the effects of the daylnight cycle 
on the digestibility of dry matter, organic 
matter and proteins (nitrogen). This study 
paves the way For  the practical  use of the 
digestibility of  different agricultural  by- 
products available in  Cbte d'lvoire. 
Materials and  Methods 
Digestibility was measured  by  the ap- 
parent  digestibility  coefficient  (ADC) 
using the "by incorporation"  method 
(Cho et al.  1985). The value of  this 
method has been shown for a  related 
species, OreochromJs aureus (De Silva 
et  al. 1990).  Feces were collected using a 
decanter system similar to the "Guelph 
system" (Cho et al.  1982). 
Three series of  experiments were con- 
ducted  at the Centre  de Recherches 
OcCanologiques (Abidjan,  Cbte d'lvoire) on 
10 feeds: a  reference feed (Table  1) and 
nine feed mixes (reference feed 70%: test 
by-products 30°/o). The ratio of reference 
feed to  test by-product was confirmed by 
analyzing the reference feed marker, chro- 
mium oxide, in the mix. The overall com- 
position of the different  by-products tested 
is given in Table 2. The by-products were: 
- three Fish  meals: one imported (Chile 
type) and two different samples of  a 
meal  manufactured  locally  from  the 
residues of  tuna canning industries: 
- three cakes: soy, cotton and copra: and 
- maize and cassava meals. 
Each feed was distributed to  two batches 
of fish selected randomly. The reference feed 
was tested during each experiment. Each 
batch comprised  15 fish  (87e4 g)  for the 
first experiment, and 20  fish (1  77+3  g)  for 
the second and third experiments. In  the 
laboratory, the fish were placed  in  1 10-1 
cylindroconical tanks with a recirculated water 
system and were maintained naturally at  a 
temperature of 28  to  30°C. The  photoperiod 
remained natural, with 12  hours of day and 
12  hours of night. 
Table  1. Composition  OF  the  reference  feed. 
Ingredients  Percentages 
Fish  meal (imported)  37.62 
Maize  53.13 
Cod liver oll  3 
Mineral  premix  1 
Vitamins  2 
Ca  propionate  0.25 
Binder  (CMC)  0.5 
Chromium  oxide  2 
Dlcalcium  phosphate  0.5 
The fish were fed ad libitum twice a day 
(0800 and 1700).  Feces were collected every 
12  hours (before  each meal) for seven days, 
beginning with the second distribution of 
the test feeds. The samples obtained were 
deep-frozen and freeze-dried for analysis. 
The effects of the daylnight cycle on meal 
digestibility were measured by comparing 
all feces excreted by day to all those ex- 
creted by night. 
The  following  analytical  techniques 
were used for feeds  and feces: 
- dry matter:  105'C,  24 hours; 
- ash:  S50°C, 24 hours; 
- crude  proteins:  Kjeldahl  nitrogen 
total  (catalyst, CuSO,  and K,SO,):  and 
- Cr,O,:  oxidation  as per Stevenson 
and de Langen  (1960). then determina- 
tion  by  atomic absorption (Lied et al. 
1  982). 
The ADCs of each component (dry mat- 
ter, organic matter or proteins) and dry matter 
of the test by-products were calculated for 
each feed using the formulae of Cho et  al. 
(1985). For  the ADCs of  proteins (or or- 
ganic matter) in  the test ingredients, the 
formula used was: 
Dp, = P,/(a *  P,)  *  100 '  (Dp,  - Dp,)  + Dp, 
where 
P,, P,:  protein concentrations in  the in- 
gredient and mix; 
Dp,,  Dp,, Dp,:  ADCs of the proteins for 
the reference feed, ingredient and mix; and Table  2. Overall composition (96  of  dry  matter) of  the  different by-pr7ducts  tested.  Local  1 and 
Local  2 are two different  samples  of  fish  meals manufactured  locally  from  the  residues of  tuna 
canning  industries. 
Crude  Fat  Ash  Raw  N  EA 
proteins  fibers 
Flsh meals 
Import 
Local  1 








a: percentage of  the ingredient in  the 
mix. 
The statistical analysis of the  results was 
done through an analysis of variance and 
the Duncan multiple range test (SAS 1988). 
The significance level used was 0.05. 
Results  and  Discussion 
For the reference feed, an apparent in- 
crease in ADCs was observed for dry mat- 
ter, organic matter or proteins when meas- 
ured from feces collected during the first 
24 hours (Fig. 1). Beyond that, ADC val- 
ues stabilized and did not show any clear 
difference between day-collected and night- 
collected feces. 
The analysis of  variance conducted on 
all values obtained for each feed did not 
show a day/night effect on the digestibil- 
ity of  dry matter, organic matter or pro- 
teins that was independent of the day of 
feces collection (Table 3).  The multiple range 
test on the  different  ADCs calculated from 
samples of each batch indicated that only 
results from the first collection (the  first 12 
hours) were different for organic matter Or 
proteins (Fig. 2). Beyond that, even  though 
differences persisted For  dry matter, no  clear 
tendency was identifiable. 
The time of adaptation of the fish to  the 
new feed was therefore limited to  the 12 
hours following the first distribution. This 
adaptation time is substantially shorter than 
for  the  trout  Oncorhynchus  mykiss 
(Possompes 1973;  De la Noije et  al. 1980). 
It is, however, in line with the differences 
observed between gastric evacuations, 36 
hours for trout (Windell and Norris 1969) 
and eight hours for 0. niloticus (Ross  and 
jauncey 198  1  ). Beyond that, no  clear trend 
appears in the digestibility variations linked 
to the daylnight cycle. This supports the 
results obtained for 0. aureus (De Silva et 
al. 1890). 
Using the mean values obtained For  the 
different Feeds, the ADCs of  dry matter, 
organic matter and proteins were  calculated 
for the test by-products available in  Cbte 
d'lvoire (Table 4).  Several measurements 
were made on the  same  fish meal samples. 
Results showed consistency between meas- 
urements of ADCs for dry matter and pro- 
teins at  weekly intervals (experiments a and 
b) and measurements at five-month intervals Days 
I 
Fig.  1. Changes in the apparent digestlblllty coefficients (ADCs) of dry matter. 
organlc matter and proteins For  Omochrom/s nl/ot/cus  with  the  number of 
days for fecal collection, following the first  distrlbutlon of reference feed (day 
o, night 0). Table 3.  Analysis of variance for the different apparent dlgestibility coefficients (ADCs): all feeds and all 
observations aggregated. 
Source  of variation  d f  Sum  of  Mean  F  Prob  (f>F) 
squares  square 
Dry matter 
Day  7  852.38  121.77  18.1  0.0001 
Hour  1  274.75  274.75  40.84  0.0001 
Interaction Day X  Hour  7  359.59  51.37  7.64  0.0001 
Diet nested with trial  12  3,780.7  31 5.06  46.84  0.0001 
Error  302  2,03  1.5  6.73 
Organlc  matter 
Day  6  235.05  39.18  7.42  0.0001 
Hour  1  28.98  28.98  5.49  0.0201 
lnteractlon Day X Hour  6  96.02  16  3.03  0.0073 
Dlet nested with trial  9  3,521.09  391.23  74.09  0.000  1 
Error  212  1.1  19.52  5.28 
Protelns 
Day  7  91.58  13.08  4.97  0.0001 
Hour  1  13.41  13.41  5.1  0.0247 
Interaction Day X Hour  7  69.49  9.93  3.78  0.0006 
Diet nested with trial  12  765.49  63.79  24.26  0.0001 
Error  302  794.17  2.63 
Trne (days) 
Hour Day/ Night  pryq 
I  Organic mattar  I 
Crude proteln 
Fig.  2. Duncan rnultlple range test (a =  5%) for the different apparent digestibility 
coefflclents (ADCs). Each sampling (at a particular day and at a particular hour) is associated 
with a group of letters. The groups of values that are not significantly different are 
represented by identical letters. (experiment  c). Low ADCvalues for the "Local 
2" meal resulted essentially from the par- 
ticularly high ash content of this sample. 
The high ADC values for organic matter 
in  the fish  meals can be linked to an in- 
cr-  in the digestibility ofthe  organic matter 
of  the reference feed in the mix. The or- 
ganic matter of maize and cassava meals, 
two compounds very rich in starch, is well- 
digested (ADC>75*/6).  The cassava meals 
is pre-cooked during manufacture. This proc- 
ess increases the digestibility of  starch (Bergot 
and Breque 1983) and could be the cause 
of the high value of the apparent digest- 
ibility coefflcient. However, in this case, the 
maize did not undergo any particular 
pretreatment. The  ADC of organic matter 
Tllaplas adapt to  a new feed rapidly. Twelve 
hours after the first meal, the feces collected 
reflect the new diet. The absence of day/ 
night variations implies that feces can be 
collected less  frequently.  It  is,  however, 
essential to  collect all feces every 24 hours 
to  avoid excessive variability in the results, 
especially for dry matter. 
The tilapia seems to utilize the starch in 
feeds like maize or cassava meals. This should 
be confirmed by a study of its aptitude for 
using such nonprotein sources of energy. 
References 
for maize in 0. niloticus is higher than in 
trout or  carp (Steffens  1989) and is  similar  Austreng.  E.  1978. Digestibility determlnatlons  in 
to the ADC of  the energy obtained with  fish  using chromic oxide marker and analysis 
the same species by l-Iaiiey  (1  987) or for  of contents from different segments of the 
gastrointestinal tract. Aquaculture 13:265-272.  the  channel  catfish, 'cta'urus  punctatus  Bergot. F.  and 1.  Breque. 1983. Digestibility of starch 
(Wilson and Poe 1985).  In ralnbow trout:  effects of the physical state 
Table 4.  ADCs  of dry matter, organic matter and protelns for  the different  by-products  available 
in Cdte d'lvolre. The results were obtained from three experimental tests at different tlmes (experiments 
a,  b and c). For  the comparison of results, the same fish meals were tested  in two separate tests. 
Local  1  and  Local 2 are  two different samples of flsh meals manufactured locally  from  the residues 
of tuna canning industries.  Values are  means and standard  errors  (given in parentheses). 
Ingredients  Exp.  Dry matter  Organic  matter  Crude  proteins 
Flsh  meals 
Imported 
Local  1 






Maize meal  b  76.66  (i2.24)  76.17  (s  1.79)  89.45  (k3.22) 
Cassava meal  b  83.32  (k2.32)  82.15  (+ 1.94)  74.35  (k30.93) Models for Estimating the Food 
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Abstract 
Two approaches are presented for the estimation of food consumption in wild and farmed tilapias. The 
first which relies on diurnal changes in stomach contents is illustrated with three examples pertaining to 
Nile tilapia, Oreochromis niloticus. The second is a multiple regression model whlch allows estimation of 
daily ration (R,)  in tilapia (genera Oreochromis, Sarotherodon and Tilapia). The model was derived from 
empirical estimates of R,  in 55 populations of marine and freshwater fishes from temperate and tropical 
habltats, including 16 populations of  (malnly) African tilapias. This model allows estimation of  R,  for different 
food types in natural and captlve tilapias, and should be particularly useful for parametrization of pond 
dynamics models. The mathernatlcal and conceptual relationships between these two  approaches are dixussed. 
lntroductlon 
Estimation of food consumption, or  more 
precisely of "daily" ration (R,) is even more 
useful when applied to  farmed fish than to 
wild fish. In  aquaculture, estimates of ra- 
tion can be used to  devise appropriate Feed- 
ing schedules, and to integrate Fish  into 
pond dynamics models. Ration estimates 
For  wild  fish populations enable fisheries 
"ICLARM Contribution No. 776. 
bPresent  address: International  Center for Living Aquatic 
Resources  Management.  MCPO  Box 263 1, 07 18 
Makati, Metro Manila. Philippines. 
'Another  contact address: Fisheries Centre. Univer- 
sity of British Columbia.  2204 Main Mall, Vancou- 
ver, B.C.  Canada V6T 1Z4; e-mail: Pauly@fisheries.com. 
biologists and ecologists to  establish trophic 
links between an investigated population 
and its prey and predators, such investi- 
gations often culminating in  ecosystem 
models (see, e.g.,  Palomares et al. 1993). 
The approach most commonly used to 
deal with food consumption in aquaculture 
research is to report "food conversion ra- 
tios" (FCR), where: 
food provided during an experiment 
FCR =  ...  1  ) 
growth during that same experlrnent 
Although perhaps appropriate for farm- 
ers, FCR  estimates are not optimal in the 
context of research, for two major reasons: 
usually not all the food provided is  con- 
sumed by the experimental Rsh; and the 
denominator and numerator of equation (1) are usually not based on the same units. 
i.e.. "growth" is  usually expressed as  wet 
weight (i.e., the difference between the 
weight of fish harvested and those stocked), 
whereas "food" is commonly expressed as 
dry weight, thus often leading to FCRval- 
ues <I. 
Hopkins (1  992) proposed the routlne use 
of the  von Bertalanffy growth function (VBGF) 
in aquaculture, instead of the absolute or 
per cent growth rates commonly used. Simi- 
Iarly, we propose here that aquaculturists 
use daily ration (R,)  instead of or at least 
in  addition to equation (1) to report the 
results of feeding experiments. One rea- 
son  for this is that those two concepts (the 
VBGF and R,)  are  closely linked, and hence 
allow for a consistent mathematical treat- 
ment of one's result, and comparisons with 
studies on the trophic dynamics of wild fish 
populations. 
The VBGF takes for length the form: 
and for weight 
where L,,  W, are the length and respective 
weight at  age  t: I(  is a growth constant; to 
the arbitrary and usually negative "age"  at 
which size is  zero; and b is  the exponent 
of a length-weight relationship OF the Form 
W = aLb.  Numerous well-established methods 
exist For  estimating these parameters from 
various input data (Culland  1983; Pauly 
1984).  Given the VBGF, growth rate (dw/ 
dt, i.e., as g.day-l)  can be expressed as  the 
first derivative of equation (3)  in terms of 
weight, i.e., 
The relationship between food consump- 
tion (R,) and growth rate is then captured 
through the Food conversion emciency K, 
of lvlev (1  945) defined by: 
(It will be noted that Kl=  1 /FCR when the 
latter is  based on food actually ingested, 
expressed in the  same  units as  growth rate). 
The link between K, --and  hence ratio* 
and the VBGF is given by: 
where W, and Wm  are as  defined above  and 
I3  is  a parameter whose value is  obtained 
from equations (5)  and (6)  and one  or sev- 
eral estimates of R,,  pertaining to  given values 
of W, and Wm  (Pauly 1986;  Silvert and Pauly 
1987). 
We present below two methods for es- 
timation of R,,  of which the second relied 
extensively on the  application of  equations 
(1  ) to  (6)  to  various published datasets (Table 
1). 
Method I:  Estlmatlon of Dally 
Ratlon from Changes 
In Stomach  Contents 
In  herbivores with well-established feeding 
rhythms, stomach contents rapidly increase 
during the feeding period, then decrease 
when feeding stops. Thus, changes in  the 
Fullness of stomach contents sampled over 
a 24-hour cycle can be used to infer feed- 
ing rate and feeding periods, and hence 
ration. However, such analyses must take 
account of  the effect of evacuation during 
the feeding period, which invalidates lin- 
ear models such as applied to tilapias by 
Moriarty and Moriarty (1  973)  or Getachew 
(1  887).  Sainsbury ( 1986)  developed a pa:- 
simonious model to  describe such dynamics 
and this was implemented as a computer 
program called MAXIMS by Jarre  et  al. (1  -0, 
1991). In  its simplest form (one feeding 
period per day, feeding rate independent 
of stomach contents), the model used to 
represent the nonfeeding period is: Table 1. Estimates of ration (R,,)  and related statistics of 55  species/populations of freshwater and brackishwater Rshes (adapted horn Palomares 1991). 
W,  T  A  h  p  R, 
No.  Family  Species  Location  (g)  (4  (day')  Remarhs 
1  Clupeidae 
2  Salmonidae 
3  Salmonidae 
4  Salmonidae 
5  Salmonidae 
6  Salmonidae 
7  Lrocldae 
8  Esocidae 
9  Esocidae 
SO  Esocidae 
I  1  Characidae 
12  Characidae 
13  Cyprlnfdae 
14  Cyprlnidae 
15  Cyprlnldae 
16  Cyprlnldae 
17  Cyprlnidae 
18  Cyprlnidae 
19  Cyprlnidae 
Esox lucius 
Esox lucius 
Lsox iucius Q  + 6 
Lsox lucius 9 
Lake Michigan. USA 




Dartmoor Stream. UK 
France 
UK 
River Frome. UK 
Lake Windermere. UK 
Lake Windermere. UK 





Lake Kinneret. Israel 
Lake Pareloup. France 
Lake Sovdeborgssjon, 
Sweden 
Garonne River. France 
R,  back-calculated From K,:  K,  horn bioenergetic 
model of Stewart and Binkowski (1986) 
R,  back-calculated from K,;  K,  from growth and 
feeding experiments of Nilml (1981  ) 
R,  From MAXIMS using =-hour  cycle from 
Brodeur and Pearcy (1  987) 
R,  back-calculated  horn K,: K,  From estimates 
of population consumption and production by 
Rasrnussen (1 986) 
R,  horn MAXIMS using 24-hour cycle From 
Charton (  1 969) 
R,  hom MAXIMS using 24-hour  cycle horn Neveu 
(1980) in experimental canals 
R,  back-calculated  From K,:  K,  horn tank growth 
and Feeding experiments by Hart and Connellan 
(1984) 
R,  back-calculated from K,: K,  from growth and 
keding  experiments by Mann (1  9821 in canals 
K,  horn population estimates  of consumption and 
production by Johnson  (1966a. 1%6b) 
K,  ham population estlmatesof wnsurnptlon and 
productlon by johnSon  1:  1966a. I  %6b) 
R,  horn MAXIMS uslng Whour cycle horn 
Lauzanne ( 1969) 
K, horn FCR horn kedlng  experiments by Merola 
and PagSn-Font in (1988) In ponds 
K, from FCR from polyculture kedlng  experiments 
by Nadeembheri (IW)  In ponds 
K, from FCR  from polyculture keding  experiments 
by Nadeem-S  heri ( 1984) in ponds 
K, horn FCR horn polyculture kedlng  experiments 
by Nadeem-Shed (1984) in ponds 
R,  From aquarium experiments by Gophen and 
Threlkeld (1989) 
R,  from MAXiMS using 24-hour  cycle from Ariz- 
Gonzalez and Rlcheux (1 990) 
R,  horn Persson (1  982, 1983) 
R,  hrn  MAXIMS using =hour  cycle hom 
Palomare5 (1491) 
continued Table I (continued)  bJ 
-L 
No.  Family  Species  Location  Remarks 
20  lctaluridae  Ic  fa  iurus nebulosus  Garonne River, France  198  12.4  1.34  0  0  7.13  R  horn MAXIMS usine 24-hour cvcle from 
21  Clarlidae 
22  Clariidae 
23  Gasteros- 
teidae 
24  Centropo- 
midae 
25  Centropo- 
midae 
26  Serranidae 
27  Serranidae 
28  Centrar- 
chidae 
29  Centrar- 
chidae 
30  Centrar- 
chidae 
31  Percidae 
32  Percidae 
33  Percidae 
34  Percidae 
35  Percidae 
36  Sciaenidae 
37  Cichlidae 
38  Cichltdae 
39  Cichlidae 
Clarias  gariepin  us 











Micmp  terus 
saim  oides 
Perca fla vescens 
Perca fluvid tilis 
Pera  Auviatil,j 
Percd flu  via tiiis 
Pefcd fluvia  tilis 
Africa 
Lake Malawi. Africa 
Lake Frongoch. Wales 
Lake Chad, Airlca 
Lake Tanganyika, 
Ahica 





Lake Washington, USA 
Lake Botjnrn, Sweden 
Lake Ladoga, Russia 
Lake Vitalampa, 
Sweden 
Loch Leven, Scotland 
Lake Janauaca, 
Brazil 
Lake George, Ahica 
Lake h'akuru, Africa 




K,  from IabratoIy experiments by 
Hogendoorn (1  983) 
R,  from Willoughby and Tweddle (1978) 
R,  horn MAXIMS using 2.4-hour cycle from 
Allen and Wooton (1984) 
K,  from growth and feeding experiments by 
Hamblyn (1 966) in aquaria 
R,  horn M. Pearce (pers, wmm.) 
R,  from MAXIMS uslng 24-hour cycle obtained 
from tank experiments by Paloinares (1991  ) 
K,  horn growth and keding  experiments by Aliiot 
and Pastoureaud (1979) in  tanks 
R,  horn Hunt (1  960) 
R,  horn Rice and Cochran (1  984) 
R,  horn Hunt (1960) and Lewis et al. 11974) 
R,  from MAXIMS using 24-hour cycle horn 
Costa (1  979) 
K,  from population estimates of consumption 
and production by Nyberg (1979) 
R,  horn Federova and Drouhina (1982) 
K,  from population estimares of consumption 
and production by Nyberg (1979) 
R,  from cage experiments by Thorpe (1977a. 
1977b) 
R,  horn MAXIMS using 24-hour feeding cycle 
by Worthrnann (1982) 
R,  from MAXIMS using 24-hour feeding cycle 
from Moriarty and Morlarty (I9731 
K,  from laboratory experiments by Vareschi and 
lacobs (1  984) 
K,  horn FCR  obtained for cage-reared fish from 
Hargreaves et al.  (1988) 
K, from FCR For  tank-reared fish from 
Jauncey  (1982) and Micha et al. (1988) 
continued Table 1 (continued) 
Remarks  No.  Family  Species  Location 







Bouake, C8te d'lvoire 
R,  horn Hohr and Schiemer 11983) 
K, from FCR for aquarium-reared fish 
K,  from estimates olgrowth and feeding lor 
cage-reared fish From Boidy (1984) 
R,  from MAXlMS using 24-hour feeding cycle 
by Getachew (1987) 
R,  from MAXIMS using 24-hour feeding cycle 
by Moriarty and Moriarty (1973) 
K,  horn FCR for cage-reared fish From Coche (19771 
R,  horn MAXIMS using Zm-hour Feeding cycle 
by Harbott 11976) 
K, hom FCL lor tank-reared fish 
from Appler (19851 
K,  horn FCR  tor tank-reared Rsh from Wee 
and Wang (1987) 
K, from FCR br  tank-reared fish 
from Edwards et al. (1985) 
R,  from Lauzanne (1 977) 
K,  from FCR  lor pond-reared fish 
from Mlcha et al.  (1 988) 
K, from growth and feeding experiments 
by Legner and Murray I1981  )  in aquaria 
and Saeed and Zlebell (1986)  in tanks 
R,  horn MAXIMS using 24-hour feeding 
cycle under semi-controlled conditions 
horn Paiornares  ( 1991  1 
R, from MAXIMS using 24-hour feeding cycle 
from Collins (1981) 
42  Cichlidae 
43  Cichlidae 
44  Cichlidae  Oreochromrs nib  ficus  Lake Awasa. Africa 
45  Cichlidae  Lake George. Ahica 
46  Cichlidae 
47  Cichlidae 
Oreochromis niloticus 
Oreochromis niloticus 
Lake Kossou, Africa 
Lake Turkana, Alrlca 
48  Cichlidae  Oreochromis niloticus  Liege. EMgium 
Oreochrom  is niloticus  Thailand  49  Cichlidae 
50  Cichlidae  Oreochrom  is nilolicus  Thailand 
51  Cichlidae 
52  Cichlidae 
Sdrotherodon galilaeus 
Tilapid rendalli 
Lake Chad.  Africa 
Ahica 
53  Clchlidac  Africa 
54  Mugilidae  Mugil  cephalus  Thau Lagoon, France 
55  Mugilidae  Mugil  cephalus  Crystal River. Florida where S is  the stomach content at time t 
expressed as S=Sn  exp (-E.(t-t,));  E  the 
instantaneous evacuation rate (in hour-'); 
So  the stomach content at the beginning 
of  the feeding period; and to the time at 
the beginning of the interval in question. 
Stomach contents are  continuously pushed 
along  the intestine whether  the Fish actively 
feeds or not. Thus, For  the feeding period 
we  have: 
dS/dt = J - E-S  *A) 
where: 
where J  is  the ingestion rate (in units of 
weight per hour) and where the first term 
of equation (9)  represents  the amount evacu- 
ated from the stomach. The second term 
incorporates into the evacuation term (rep- 
resented by S)  the  amount  of newly ingested 
food that is  being simultaneously evacu- 
ated from the  stomach. Daily ration is then 
estimated by integrating equation (8)  over 
the feeding period. 
Fig. 1 presents  three applications of this 
model to  three lake populations of Nile tilapia, 
Oreochromis ni/oticus. As might be seen, 
the model not only led to  ration estimates 
(Table 1). but also allowed the identifica- 
tion of  very similar feeding rhythms in these 
three tilapia populations. 
Method I1 
An alternative approach to estimating 
ration is to  derive a predictive model, based 
on a number of previous, suitably stand- 
ardized estimates of ration and a suite of 
appropriate predictor variables. 
Based on earlier models we  developed 
for marine fishes (Palomares  and Pauly 1989: 
Pauly 1987:  Jarre  et  al. 1791),  we  hypoth- 
esized the Following variables to  be related 
to ration: 
body weight; 
environmental temperature (Regier et 
al. 1990); 
aspect ratio of  the caudal fin, as an in- 
dex  of activity level (Pauly 1989;  Palomares 
and Pauly 1989;  Sambilay 1890: Fig. 2); 
taxonomic  status (v=O for  tilapias, and 
v=  1  for nontilapias); and 
food type, expressed via dummy  vari- 
ables (i.e.,  taking only the  values 0 and 1). 
We  distinguished three types  offish based 
on food types, labelled h (for herbivorous, 
and including three cases of  detritivorous 
fish) and p (for  those fed generally unspecified 
pellets);  these variables imply a third type 
of fish, i.e., those that are  carnivores, when 
h=O and p=O. 
Table 1 presents the 55 cases  assembled 
for this exercise. From this, a  model was 
obtained of the form: 
where Wt is  the weight (in g) of  the Fish; T 
the mean annual water temperature (OC);  and 
A the aspect ratio of  the  caudal fin, all other 
(dummy)  variables being as defined above. 
This model explains 89% of  the varia- 
tion of the dataset in Table 1 (dF =48) with 
all  except two partial slopes significantly 
different from zero at the 5% level (Table 
2). 
Aspect ratio (A) was found to have no 
significant effect on Rd For  this dataset, al- 
though this was shown to  have an impor- 
tant effect on relative  food consumption 
of marine Fish  populations (Palomares and 
Pauly 1989;  Pauly 1989; Palomares 1991  ). 
We  explain this by the overall similarity OF 
A values OF the Freshwater fish in Table 1. 
The dummy  variable accounting for taxono- 
mic status was also found to  have no sig- 
nificant effect on R,.  This is not surprising: 
once food type, weight and temperature 
are accounted for, there is  no reason why 
fish  should differ  in their food consump- 
tion. Indeed, this confirms the results of 
Palomares ( 199  1  ) who  found no  difference Table 2. Summary statistics of multivariate model for prediction  of ration in  freshwater fishes (equation [lo]: 
R2=0.886; F=62.44: dF=54). 
Partlal slope 
Symbol  associated with: 
Contrib. to 
Estimate  Prob.  total R2  (Oh) 
v"  t  Body welght (log,,  g)  0.7816  0.000  83.78 
T  Water temperature (log,,  "C)  0.5714  0.020  1.85 
A  Aspect ratio of caudal fin  0.4248  0.236  0.02 
t  Not belng a tilapia (dummy)  -0.1957  0.106  1.44 
h  Being a herbivore (dummy)  0.3445  0.006  2.22 
P  Being fed with pellets (dummy)  -0.4028  0.00 1  10.69 
6  8  10  12  14  16  18  20 22  24  2  4  6  8 
Ti  me (hour  1 
Fig.  I.  Examples of populations 
of Oreochromis niloticus for which 
data on stomach contents over a 
24-hour period were used to ob- 
tain estimates of dally rations us- 
ing  the MAXIMS software of jarre 
et  al.  (1990).  Adapted  from 
Palornares ( 199  1 )  based on data 
in (A)  Getachew ( 1987):  (B)  Moriarty 
and Morlarty (1973): and (C) Harbott 
(1976). Fig. 2.  The Nile tilapia, Oreochromis nilotlcus. and the definition of the aspect ratio of its 
caudal fin: A=hZ/s. where h is the height of the fln and 5 its surface area (in black). In this  - 
case, A= 1.28 (see also Table  1 ). 
in  the Food consumption of marine and fresh- 
water fishes,  once the above factors (and 
the aspect ratios) were accounted for. 
Re-expressing equation (1  0) as a model 
for use exclusively with tilapias was achieved 
here by  solving  this equation for the mean 
aspect ratio value in  the tilapia of  Table  1 
(A=  1.32) and dropping  the variable v. This 
led to: 
Fig.  3 shows a plot of  predicted over 
observed log  R,  values from equation (10) 
for all fishes in  Table  1 except the tilapia 
and for equation ( 1 1  ), referring to  tilapias 
only. The even distribution of the points 
around the 1: 1 line indicates that these 
models  are robust and that the (log) trans- 
formations used were appropriate for the 
data in  Table  1. 
Dlscusslon 
That the two  methods presented above 
are straightforward to  apply in  an aquaculture 
context hardly needs emphasizing. Indeed, 
even Method I, which does require field 
data, requires one 24-hour cycle (or prcf- 
erably two or three cycles) of  samples for 
estimates of  R,  to  be obtained, whose reli- 
ability, moreover, will increase rapidly as 
the time intervals between  successive sam- 
ples are reduced (those illustrated here in 
Fig.  1 are actually based on too few data 
points for the estimates of R,  to be very 
reliable: at least 16 points, with 1.5 hours 
between them should have been used). 
However, the relationships between R, 
and weight that will emerge wlll be differ- 
ent, depending on  whether one uses a se- 
ries of  predictions from equation (1  1) or a 
single estimate of ration extrapolated to  a 
range of  weights using  equations ( 1 ) to  (6). 
This is here illustrated with  a hypothetical 
example. 
For herbivorous tilapias living  at  T-26OC. 
equation (1  1) predicts values of R,  vary- 
ing  with weight as shown on  line A of  Fig. 
3; at 100  g, this corresponds to  a ration of 
9.25 g.day-'. 
If  those tilapias have the growth param- 
eters Wm=200  g. K=  1.0 year-' (t,=O)  and 
b=3, they will have, at a weight of 100 g, 
a growth rate  of  0.2 14  g.day-' (see equation 
[4]),  and hence a value of  K,=0.0337  (see 
equation [5]). Hence solving equation (6) 
for  I3  will give 0.0377.  Turning equation 
(5) into  a model for predicting R,  from dw/ 
dt and K,  gives: -2.0  -1.5  -1.0  -0.5  0.0  0.5  1.0  1.5  2.0  2.5  3.0 
Observed  ration  ( l~g,~g.  day-' 1 
Fig. 3.  Plot of observed vs. predlcted log R,  estimates obtained using equation (10) for all Fishes 
and equation (1  1) For  the tilapias. Notice the even distribution of the points around the 1:  1  line. 
Solved for  different  weights, and with 
the parameters above leads to line B in Fig. 
4. 
As expected, these two lines cross at I00 
g :  more importantly  they almost completely 
overlap over the entire range of weights 
considered, showing that equation ( 1  1  ) has 
a slope associated with weight which ap- 
propriately mimics the behavior of equa- 
tions (1) to (6) pertaining to change of R, 
due to individual growth. 
This demonstrates that the two models 
presented here to estimate ration in tilapias 
are not only easy to apply-even in the 
context of aquaculture-but  also provide 
results that are mutually compatible, hence 
increasing our confidence in them. 
B (Equations 1-6)\ / 
-A  (Equation 10) 
Body  weight (g  1 
Fig. 4.  Predicted  rations 
for  herbivorous  tilapias 
kept at  26°C;  A:  from 
equation ( 10):  and 8: from 
equations (I) to (6). as- 
suming that A=B at  100 
g body weight. Note the 
nearly complete overlap 
of both curves. Acknowledgement 
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Abstract 
The study was carried out to determine the effect of hapa size on seed productlon during the female 
condltloning perlod of Oreochromis nl/oticus  in fertilized earthen ponds. An equal biomass of Female broodfish 
(average weight 84 g).  was  stocked in three hapas of dlfferent sizes:  10.78 mZ  (low density):  5.29  rnZ 
(medium density); and 2.72 m2  (high density). Stocked biomass (kg.mz)  was 0.6-0.8;  1.2-1.4; and 2.3-2.5 
for low. medium and high stocking denslty treatments, respectively. Females were conditioned for a period 
of 10 days and males for five days. Broodfish were allowed to spawn naturally for a perlod of flvt days In 
40-m2 hapas. The hapa depth was 0.9 m and the total hapa volume was 36 m3:  water depth was 0.75 m 
and water volume  In the hapa was  30 m3. No significant differences (P>0.05) were observed in seed 
production. However, production exceeded 30 seeds.kg total female biomass stockedday-' and 100 seeds.kg 
female spawnedday-'. The  number of seed  produced per mZ  of conditioning  hapa area was  inversely 
related to hapa size. Yields of 147 (*14): 299 (+34)  and 575 (*60) seed,m-2-conditionlng  hapa.day-' were 
obtained from low, medium and high stoclting densities, respectively. There were no  signlflcant dlfferences 
(P>0.05) in the gonadosomatic indices (GSI) among the three stocking densities, but GSI  increased over 
the duration of the experiment. Water quality deteriorated during days 45 to 60 of the experimental period, 
when early morning dissolved oxygen concentratlons fell below 0.5  ppm. This coincided with a drop in 
seed production. 
lntroductlon 
Low fecundity of commercially important 
Oreochromis species means that large 
numbers of broodfish  must be kept. The 
optimization of stoclting density of broodfish 
is  therefore of  economic importance, es- 
pecially because of the density-dependent 
nature of  their spawning behavior.  The 
importance of broodfish density in the  control 
of spawning in  Oreochromis spp. is well 
established. The breeding territory required 
by the male for malting and defending a 
"nest" has been used as  a criterion in esti- 
mating optimal  stoclting densities (e.g., 
Uchida and King  1962: Fishelson  1966; 
Balarin and Hailer  1982).  Manipulation of 
density has also been used to inhibit breeding and to  counter its negative effects on the 
growth  of stocked fish (Mair and Little 1991). 
The poor productivity of  many Oreo- 
chromis breeding systems can be related 
to  the  difkulties of  managing a population 
of asynchronously breeding fish and harves- 
ting the  seed efficiently. Frequent harvesting 
of  seed from  mouthbrooding tilapias 
(Verdegern and McGinty 1987)  or exchange 
of broodfish  (Lovshin and lbrahim  1988) 
is  known to  improve seed production and 
this is  enhanced if both practices are com- 
bined and female fish are "conditioned" by 
holding in  single sex groups at densities 
that inhibit spawning behavior (Little 1990). 
However, keeping all-female groups does 
not by itself prevent ovulation (Silverman 
1978)  and high density appears to be an 
important factor in restraining females from 
breeding until they are  released at a lower 
density with males. The maintenance of 
adequate  water quality at  high fish densities 
has practical limitations depending upon 
the type of system in which the fish are to 
be  conditioned. Little (1  990)  held broodfish 
at densities between  1.2 and 5.0 I<gem-Z 
( 10-25 Fish.m-2) in nylon net hapas and in 
tanks with a recirculated water supply, Le- 
fore release, with males, for spawning. 
This study  was  carried out to  investigate 
the effect  of  stocking density during 
conditioning in  hapas on the subsequent 
reproductive performance of female Oreo- 
chrornis niloticus broodfish. 
Materials and Methods 
Broodstock production and the experi- 
ment described were carried out in the  same 
earthen pond (1,740 mZ)  on the campus 
of the Asian Institute oFTechnology (AIT), 
SO  km  north  of  Bangkok,  Pathum Thani, 
Thailand.  Pure  Oreochrornis niloticus 
(Chitralada strain) were obtained as seed 
from natural spawning females held in large 
nylon hapas. After artificial incubation, early 
nursing in hapas  and growout in a fertilized 
earthen pond, they were sexed and used 
as  broodfish. Initial mean body weights of 
the female and male broodstock  (seven 
months old) were 84 g (range 50-1  20  g) 
and 93 g (range 64-  140  g), respectively. 
Nylon net hapas (mesh 1 mm: 20  grade) 
were suspended in  the same pond for 
conditioning an equal biomass of female 
broodstoclc (Table 1).  conditioning the  male 
broodfish used in all treatments (40 mZ  x 
1 m)  and natural spawning (40 mz  x 9 m). 
Each treatment was replicated six times; 
five conditioning and spawning  cycles were 
run during a 75-day experimental period. 
Females and males were conditioned For 
periods of 10  and Five days, respectively. 
Table  1. Hapa size (length x width x height) used for each treatment during the 
conditioning period of female broodstock (Oreochromls nl/oticus). 
Size of hapa  Area of hapa  Stocking density 
Treatment  (m)  (mZ)  (kg.mz) 
Low density  3.3 x 3.3 x 0.9  10.89  0.6 - 0.8 
Medium density  2.3 x 2.3 x 0.9  5.29  1.2 - 1.4 
High density  1.65 x  1.65 x 0.9  2.72  2.3  - 2.5 After conditioning, Females from each rep- 
licate were stocked in  a 40-mZ  hapa, to- 
gether with males, at a sex ratio of  1 :  1. 
The broodstock were allowed to spawn natu- 
rally For  a period  OF five days. 
After the five-day spawning period, seed 
was harvested and measured using meth- 
ods described by  Little et al. (this vol.). 
Broodstock biomass was maintained at 
initial  levels by  killing four females From 
each replicate every  15 days to minimize 
the difference between the initial and the 
final total biomass in each treatment. Two 
females were killed after every conditioning 
period  and the other two after every 
spawning period. The latter comprised one 
female that had spawned and one female 
that had not spawned. The gonadosomatic 
index (GSI) of these females was determined 
as: 
Weight of  gonads (g) 
GSI  (Oh) =  x 100 
Total body weight (g) 
Floating catfish pellets (30% crude pro- 
tein: Charoen Pokphand, Bangkok) were 
fed to fish in  the conditioning and spawning 
hapas three times per day at 0900, 1300 
and  I600 hours according to appetite. 
Urea and triple superphosphate (TSP) were 
applied weekly at a rate of  34.4 and 17.2 
1cg.h.a-I, respectively. These inorganic 
fertilizers were dissolved in  water before 
addition to the pond. Water quality was 
monitored every ninth and fourth day dur- 
ing the conditioning and spawning periods, 
respectively. The  parameters measured 
were dissolved oxygen (DO)  at 0600 and 
1800 hours, pH  and temperature. Analysis 
of  variance was used  to test for differ- 
ences between treatment means of  re- 
productive parameters. 
Results 
Seed production increased during the first 
45 days of  the experimental  period  and 
225 
declined  during days 46 to 75 (Fig.  1). 
Depending on harvest date, seed produc- 
tion varied from 35 to 141 seed.m-'.spawning 
hapaaday-'.  Total seed production in terms 
of  stocked or spawned female biomass 
I 
ExDerlmenral  period  (days) 
Flg.  1 .  Total number of seed produced from Orecrchmmis 
nilotlcus broodstock In net hapas with three  stock- 
ing densities durlng a 75-day experimental period. 
(seed.kg1.Female  stocked.day-')  or unit area 
(~eed.m-~.spawning  hapa.day-') were not 
significantly different between treatments 
(Pc0.05).  Seed yields per unit area of con- 
ditioning net were improved using small 
conditioning hapas (Table 2). 
Use of conditioned males improved seed 
production  by  almost 40°/o  (92 ~eed.m-~. 
spawning hapaday-' compared to 66  seed. 
m-'.spawning  hapa,day-I). 
The mean GSI  (%) showed an increasing 
trend throughout the experimental period 
(Table 3).  The differences in  CSI were not 
significant (P>0.05)  among the three treat- 
ments. The mean GSI  of  spawned females 
were lower than those of  unspawned fe- 
males (Table 4). 
The general trend observed was that DO 
levels at dawn were higher at the bottom 
of  the hapa (75-cm depth) than at 15-cm 
depth below  the water surface.  In  the 
conditioning  hapas, the highest  DO was 
recorded on day 44  (mean = 1.67  and 1  1.8 
rng.12')  For  readings taken at dawn and in the evening, respectively. After day 45, the 
DO declined in all the treatments such that 
at day 59 DO levels (expressed as means 
of bottom and surface readings) in the  spawn- 
ing hapas were less than 1.0 mg.1-' in the 
low density treatment and outside hapas 
and less than 0.5 mg.1-' in the medium and 
high density treatments. The relationship 
between DO levels in the breeding hapas 
and seed production was that the greatest 
seed production coincided with the low- 
est DO level. Water temperature varied 
between 26 and 31°C,  and pH  readings 
between 7.27 and 8.15, and the variation 
of both was density independent. 
densities were used in  large-sized  hapas, 
since water quality is easier to  maintain in 
large than in small hapas. 
Differences in seed production occurred 
over time and this is a common phenomenon 
and a major limitation of hatchery systems 
for  Oreochromis spp. (Lee 1.979; Mires 
1982). In  small and large spawnlng units, 
decline in seed output has often been as- 
sociated with changes in the environment 
and loss of broodstock condition. The main 
cause of decline in  seed production over 
the latter part of this experiment was cor- 
related with low early morning DO, which 
may have restricted spawning activity and/ 
Table 2. Mean seed production (4E)  from Oreochromis niloticus 
broodstock at three stocking densities during conditioning. 
Low  Medium  High 
density  density  density 




Seed.  kg-'-total 
female spawned.daym' 
"Based on a 5-day spawnlng period. 40-m2 hapa. 
bBased on a 10-day female conditioning period (high = total 5-day 
seed harvest/27.2; medium = total 5-day seed harvest/SZ.9: low = 
total 5-day seed harvest/l08.9). 
Dlscusslon 
The reproductive performance of these 
female broodstock  did not show any 
relationship with conditioning density. These 
observations support the hypothesis that 
tilapia broodstock can be stocked at high 
densities during the conditioning period 
with consequent savings in  broodstock 
management costs. It can be expected that 
similar results would be obtained if these 
or an ability by the females  to  mouthbrood 
successfully (Little 1990).  It is also postu- 
lated that those females that spawned during 
the first 45 days did not spawn again in 
the following 20-30 days, thus reducing 
seed production. Earlier  studies on 0. 
niloticus, carried out at  AIT, reported spawn- 
ing intervals ranging from 25 to 35 days, 
depending on the crude protein  level  in 
the diet. The shortest interval was observed 
in females fed a diet of 20°/0 crude protein Table 3. Mean gonadosomatic index (+SE) of  female Oreochromis  niloticus after a 10- 
day conditioning period in nylon net hapas at three stocking densities. 
GS  I  %  %  %  Vo 
Low density  3.42  3.89  4.09  4.26 
(~0.52)  (k0.55)  (+0.43)  (k0.28) 
Medium density  3.23  3.56  3.80  4.20 
(k0.48)  (*0.42)  (+0.36)  (+0.35) 
High density  3.43  3.69  3.87  3.87  4.08 
(~0.37)  (~0.29)  (r0.44)  (k0.27)  (kO.26) 
Table 4. Gonadosomatic indices (GSI) (means and 
standard  errors) of spawned and unspawned fe- 
male Oreochromls nllotlcus killed after  different 
experimental periods. Each entry represents a mean 
of 18 flsh (2 fish per replicate x 6 replicates x  3 
treatments = 36, of which half were spawned and 
half unspawned). 
Period  GSI spawned  GSI unspawned 
(days)  females  females 
Mean  e  SE  Mean  k  SE 
and the longest with 50% crude protein 
(Tuan 1986). 
The increase with time in GSI  (Tables 3 
and 4) and the decline in egg production 
on days 60 and 75 (Fig.  1) suggest that 
reproductive efficiency declined as  the fish 
grew. It is known that individual clutch size 
in  tilapias increases with age and size of 
the fish (Siraj et  al.  1983: Rana 1986). but 
these results suggest that the proportion 
of  ripe eggs in  the ovary that could be 
spawned successfully is reduced. The num- 
ber of  seed harvested from the mouth of 
females relates not only to  the number of 
eggs in  their ovaries, but also to the in- 
creased time required  to spawn and to 
fertilize a larger clutch of  eggs in a densely 
stocked spawning arena. 
The differences in GSI of  spawned and 
unspawned females support earlier find- 
ings that efficiency may be improved and 
seed production increased only if spawned 
females are exchanged (Little 1990) or if 
females are selectively exchanged when 
judged visually to  be ripe (Little et al., this 
vol.). 
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Abstract 
The profltablllty of tilapia culture Is dlrectly influenced by the efficient control of Its reproduction 
through artlflclal  means. Thus,  many  studies  have focused  on gonadal differentlatlon and sex 
determination. In Oreochromis niloticus, XX sex reversed males (produced by hormone treatment 
and analysis of the sex ratio of their progenies from single pair matlngs) can be used as a reliable 
tool to analyze both the efficiency of masculinizing treatments and sex determination. Twenty- 
two broodfish from two sets of sibling sex  reversed males were tested through 35 slngle palr 
matings by microscoplc sexing of all 4,546  fry. The 35 crosses yielded progenies composed of a 
majority of Females, but all-female progenies were observed in only five reproductions. The other 
progenles yielded sex ratios significantly different from  1:  1, ranging from 65 to 99% Female with 
an average of 85%. Three unexpected males From these crosses were further tested: their progenies 
also Included unexpected males. These results cannot be explained by a simple monofactorial sex 
determlnlng system. Environmental factors may be involved in the sex determlnlng mechanisms 
of 0. nllotlcus. 
Introductlon 
Oreochromis niloticus is  one of  the 
two major cultured species of tilapias 
in  the world  (Pullin  1983). Its ability 
to reproduce early (Baroiller and Jalabert 
1989)  leads, in controlled environments. 
to  rapid overpopulation with a tendency 
to  stunting. The efficient control of tilapia 
reproduction through artificial  means 
directly influences the profitability  of 
its culture. Since growth potential is 
higher in male tilapias than in females 
(Hanson et al. 19&3),  three methods  are 
usually proposed to produce all-male 
populations. These are manual sexing. 
hybridization, and hormonal sex reversal 
(see reviews  OF Guerrero 1982: Lovshin 
1982; Wohlfarth  and Hulata  1983; 
Pandian and Varadaraj  1987). On the 
average, manual sexing involves 2.7- 
10% error,  and  also  requires  the 
elimination of  50% of  the population 
after two to three  months of rearing 
(Baroiller and Jalabert 1989). Because 
of its efficiency and reliability, hormonal 
sex reversal is  today the most widely 
used method among  the  three. However, 
'Current  address: CIRAD-EMVT.  Laboratoire de  since the rnetabolkrn  and the effects 
physiologle des  polssons,  INRA,  Campus de  On  the environment of  the  degradation 
Beaulieu, 35042 Rennes Cedex, France.  products of synthetic androgen are not fully understood in  Fish, this technique 
is  not authorized  in  some countries. 
Hybridization  between two parental 
species of aquaculture interest such as 
Oreochromis niloticus and 0. a ureos 
does not generally produce all-male 
populations (Majumdar  and McAndrew 
1983;  Wohlfarth and Wedekind 1991). 
The viability  of  the YY  genotype in 
0. niloticus, as  demonstrated by Baroiller 
(1  988b), Baroiller and Jalabert ( 1889) 
and Scott et  al. ( 1989),  suggests a Fourth, 
intraspecific approach. In  0.  niloticus 
where the male is  heterogametic,  a 
feminization treatment produces XY sex 
reversed females which, when crossed 
with  an XY  male, produce a  new YY 
genotype. Each progeny from crosses 
between this homogametic W male and 
any homogametic XX  female is  theo- 
retically an all-male population. 
However, these inter- and intraspecific 
crosses sometimes  yield sex ratios which 
cannot be explained by  a simple XX/ 
XY monofactorial sex determining mecha- 
nism in  0. niloticus. To explain these 
unexpected sex ratios, three other 
models have been proposed (see  reviews 
of Avtalion and Don  1990; Mair et al. 
199  1  ; Wohlfarth and Wedekind 199  1 ): 
a theory combining two alleles from an 
autosomal locus and two of the three 
sex  chromosomes  (Avtalion  and 
Hammerman  1978; Hammerman and 
Avtalion  1979); a  polygenic model 
(Majumdar and McAndrew 1983);  and 
finally, a monofactorial sex determination 
with the possible presence of  a  rare 
autosomal gene, epistatic to  major genes. 
However, these three theories do not 
explain all the results found in the lit- 
erature. 
In  order to analyze sex determina- 
tion in 0. niloticus, two sets of sibling 
sex reversed males were pr-oduced and 
tested in single pair matings. 
Materials and Methods 
Animals 
PRODUCTION OF  TWO STOCKS 
OF  SEX  REVERSED MALES (FIG.  1) 
A progeny of fry from 0.  nilotlcus of 
the "Bouake" strain (Baroiller et  al, in 
press) was produced by crossing a male 
with one of the four females placed in 
the same 400-1 aquarium. The progeny, 
removed after 10  days post-fertilization 
(PF), was exposed to a  hormonal sex 
reversal  treatment  using  17a- 
methyltestosterone added to the feed 
at 30 1.rg.g-'  (Baroiller and Toguyeni, this 
vol.). Thirty males from the resulting 
all-male population were kept to  analyze 
the sex ratio of their progenies in 400- 
I  aquaria. Twenty of these males were 
bred with normal Females. Thirty juve- 
niles of  each of these progenies were 
killed to  determine the sex ratio of each 
population. Sexing by gonadal squash 
was done  after 90 days PF when the his- 
tological characteristics of differentia- 
tion were already established for both 
sexes (Baroiller 1988a and b). The 13 
broodfish with progenies showing no 
significant difference in sex ratio com- 
pared to a  1:  1  population were elimi- 
nated (sex ratios ranging from 33.3 to 
60% male). The seven other males with 
all-female progenies (30  females in the 
sample of 30 juveniles sexed in  each 
progeny) were kept as sex reversed 
males. One of them was crossed again 
and its entire progeny was exposed to 
a hormonal sex reversal treatment us- 
ing 11  l3-OHA4 added to  the feed at 30 
pgdg-I (Baroiller and Toguyeni, this vol.). 
The resulting all-male  population was 
theoretically an exclusively XX  sex 
reversed male population; 60 of them 
constituted Stock 1 and were identified I 
Fry of 0.  niloticus 
XY  xx I 
I  100%  M XX  I  Stock l 
Fig.  1. Productlon of two  stocks  of sex reversed males of  Oreochromis niloticus. 
by a letter. The progeny of one of them, 
sex reversed male j, was exposed to a 
hormonal sex reversal treatment using 
1 1 R-OHA4 at 20 pg.g-' (Baroiller and 
Toguyeni, this vol.). The resulting sex 
reversed all-male population constituted 
Stock 2, each broodfish  being identi- 
fied by a number. 
REPRODUCTIONS OF SEX REVERSED MALES 
AND SEXING OF  THEIR PROGENIES 
Thirteen "sex reversed male" broodfish 
from Stock 1 and nine sex reversed males 
from Stock 2 were crossed in single pair 
matings with one  or several females in 
400-1 aquaria. The water in the spawn- 
ing aquaria was filtered permanently and 
maintained  at  27°C  using  a  ther- 
moregulation device. Each animal was 
tagged in the dorsal musculature. Re- 
production was detected by the onset 
OF maternal mouthbrooding character- 
ized by dilation of the female's mouth. 
As soon as this particular characteris- 
tic was observed, all other individuals 
were removed to leave the female 
mouthbrooding in  the aquarium. Five 
days after hatching, i.e., nine days PF, 
the fry were removed from the moth- 
er's mouth. The entire progeny (or  a sam- 
ple of at least 100  fry from the batch), 
identified by  its fertilization date and 
the respective tags on the parents, were 
transferred to 200-1 aquaria. The fry were 
fed ad libitum six times a day, seven 
days a  week, with  a  First-feeding 
salmonid Feed (Aqualim)  distributed by 
automatic feeder during a  12-hour 
photoperiod. The water, aerated and 
filtered, was kept at 28i1.5'C.  After 
three weeks of rearing in aquaria, when 
the gonadal differentiation was  already 
well established (Baroiller t988a  and 
b), fry were transferred to  external 1.5- 
m3 tanks until  sexing and were given 
the same feed. After 60-90  days PF, when 
the histological characteristics of  the 
male and  female differentiation were 
already established (Baroiller 1 98% and 
b), all  fry  were sexed by examination 
of  the gonad squash at x 125 magnifi- 
cation. The presence of previtellogenic 
or vitellogenic oocytes and the lobular 
configuration showed the female and 
male sexes, respectively. Four sex reversed males from Stock 
2 (XX4,  XX9, XX17 and XX18) were each 
successively crossed with three or four 
different females. 
Results 
The sex ratios of 22  progenies From 
sex reversed males were determined by 
sexing all 2,429 fry produced, i.e., ap- 
proximately 110 fish per batch. Four of 
them, i.e., 18% of the  progenies, gave 
sex ratios of 0:  1  (ma1e:female). In  the 
18  other progenies, unexpected males 
based on a monofactorial sex determi- 
nation were produced in  proportions 
ranging from  1 to 40.5OIo  (Table 1 and 
Fig.  1). Only one of  these sex ratios 
(40.5%  male) was not significantly dif- 
ferent from a  1:  1 ratio. Compared to 
the ratio of an "average" synthetic popu- 
lation of 5,299 Fry  from crosses of  42 
normal broodfish of the same species 
(1.39:  l),  the 40.5% male showed a highly 
significant difference. The male frequency 
distribution  in  these progenies was 
unimodal, around 0- 10% male. 
Since the progeny of the sex reversed 
male is theoretically composed of 100% 
XX  individuals, Four of the naturally un- 
expected males  from  the XXI  sex 
reversed male (Stock  I) were kept until 
their sexual maturity to  analyze the sex 
ratio of  their  progenies. Three unex- 
pected males (Dl,  D2 and D3) naturally 
originating from XXI  sex reversed males 
were bred with different females (Ta- 
ble 2).  Their progenies, Female for most 
OF  them included, however, 2.5-9.2016 
unexpected males. The sex ratios of the 
progenies of the Dl, D2 and D3 males 
all  differed significantly from the sex 
ratios of the progeny of  the XXI  sex 
reversed male. There was no significant 
difference  between two of the three 
unexpected male progenies (D2  and D3). 
The XX4 sex reversed male was suc- 
cessively bred three times with  two 
females. There was no significant dif- 
ference between the three sex ratios 
whether the progenies came From  the 
same pair or only had the same sire (Table 
3). 
Four  progenies were produced  by 
crossing an XX9 sex reversed male with 
four different females. Three progenies 
(XX4malexXX11,  XX12 and XX16 Fe- 
males) out of  four yielded sex ratios 
which did not differ significantly among 
themselves. In contrast, the cross with 
the XXlO Female gave a progeny with 
a sex ratio differing significantly from 
that of the progenies from the  XX1 1 and 
XX12 females. 
The same applied to the sex ratios 
of  progenies from XX18 sex reversed 
males as three of  them did not show 
any significant difference (progenies  from 
XX16, XX17 and XX20 females). 
In  the XX17 male, there was no sig- 
nificant difference between the propor- 
tions of  unexpected males in  two out 
of the three crosses (XXI 7 x  XXIS and 
XX11 females). However, only the  XX17 
x  XXl 1  cross  produced  an  all- 
female population. The progeny from 
the same male crossed with the XX16 
female gave 39.6%  males. Therefore, the 
same  XX17 male successively produced 
0  and 39.6% unexpected males with two 
different Females. 
Finally, a diallel cross experiment was 
made involving two sex reversed males 
and two females (Table 4).  A maternal 
influence was observed in the two prog- 
enies from XX9 sex reversed males. In 
contrast, a paternal influence was ob- 
served between the two progenies from 
the XX16 female. 
In species such as 0. niloticus where 
the female is considered hornogametic, 
the progeny from a sex reversed male 
Is  theoretically all-female,  based on a Table 1. Single pair matings of sex reversed males From  Stocks 1 and 2 of Oreochromis niloticus 
with  XX females. 
Crosses  No,  of  Survival  No. of  No. of  Males  x2 (level of 
(M  x  F)  progeny at  (%)  males  females  (96)  signiflcance)' 
sexing  1:l  1.39:  1 
XXA x XXA 
XX7 x XX7 
XX9 x XXlO 
XXD x XXD 
XXE x XXE 
XXlO x xxzo 
XXF x XXF 
XXG x XXG 
XXH x XXH 
XXl x XXI 
XX8 x XX8 
XXJ x XXJ 
XXK x XXK 
XXL x XXL 
XXl8  x XXl6 
xx17 x xx15 
XX4 x XX7 
XX1 x XX1 
XXC x XXC 
XXB x XXB 
XXM x XXM 
XX11 x XX11 




1  7.9("') 
13.3(***) 
32.2  ('"*) 
25.1  (*"*) 
4.44 (')  7.7(") 




32.7  ("') 
54.2 ("*) 
29.5  (*"') 
65.1  (***) 
60.5 ("*) 
74  ("') 
86 ("') 
32  (***) 
I60  ("') 
"When xZ  is lower than or close to the level of  significance VIS-A-VIS  a 1  :1 population, sex ratios 
are tested against a 1.39: 1 sex ratio which is the mean sex ratio (min.: 15.8% males: max.: 77.1%) 
from all 42 slngle palr matlngs of XY  males. i.e.,  5,299  sexed fry.  Levels of significance were: 
'=p<O.O5;  "=p<0.01;  and **"=p<0.001. 
ND = No  data on survival: the initial number of fry was not recorded. 
Table 2. Crosses of  a sex reversed male Oreochromis niloticus with three of  the unexpected males 
found in its progeny: progenies From the same sex  reversed male characterized with the same 
lower case letter (a, b or c) show significant differences (p-0.05)  in their sex ratlos; "  = p<0.01. 
Crosses  No.  of  Survival  No. of  No. of  Males  xZ  (levcl of 
(M  x  F)  progeny at  (%)  males  females  YO  significance) 
sexing 
Sire 
XXI  x XXI  175  54.2  3  5  140  20 
Progenies 
Dl x  XXZl  31  7  92.9  8  309  2.5  ab 
02 x XXZZ  3 14  89.4  29  285  9.2  12.9(")  a 
D3  x XX23  102  86.4  8  94  7.8  b Table 3. Successive matings of Four sex reversed Oreochoromis niloticus males: progenies from 
the same sex reversed male characterlzed wlth the same lower case letter (a, b or c)  show significant 
differences (p=0.05) in their sex ratios: NS = Non-significant; "'=p<0.001. 
Crosses  No.  of  Survival  No. of  No. of  Males  xZ  (level of 
(M  x  F)  progeny at  (%)  males  females  (%)  significance) 
sexing 
XX9  x  XXlO 
x  XXll 
x  XXl2 
x  XX16 
XX17  x  XX15 
x  XXll 
x  XX16 
1.8 (NS) 
abc 
Table 4.  Sex  ratio (d:?  and  '%  of males) in a 
diallel cross expirement involving two sex reversed 
males and two Females: progenies from the same 
sex  reversed male characterized wlth the same 
lower case (a, b or c) show significant differences 
(p=0.05) in thelr sex ratlos. 
FXX 1  6  21:32  a  3:18 
(39.6)  (14.3)  b 
monofactorial system. Out of 35 crosses 
of sex reversed males conducted in the 
present study, only five progenies, i.e., 
14.3%, correspond to  the monofactorial 
theoretical model. In  the 31  other 
progenies, 1-40.5% of unexpected males 
were observed. These males did not 
result from sexing errors during micros- 
copic  examination of gonads and showed 
normal fertility: three of them bred. For 
0. niloticus, three other studies have 
analyzed the sex ratios of progenies from 
sex reversed males. In  the first study 
of  eight male progenies produced  by 
masculinizing treatment, four progenies 
were all-female, one  showed a sex ratlo 
not significantly different from 1 :  1 and 
three yielded unexpected high propor- 
tions of  females in the range 65.2-81.8% 
(Jalabert et al.  1974). However,  it is impossible to  attribute the paternity of 
these  unexpected sex  ratios to sex 
reversed males rather than to  XY males, 
considering the large range of  sex ratios 
that these XY males show in 0.  niloticus 
(Shelton et al.  1983;  Wedekind 1987 
cited by Wohlfarth and Wedekind 199  1 : 
Lester et al. 1989).  In  the second study 
(Calhoun and Shelton 1983),  sex reversed 
males,  produced  by exposing  the 
progenies of  a sex reversed broodfish 
to  a masculinizing treatment, were mass- 
bred (22 per experiment) with two 
batches of females and a sample of I00 
fry was sexed.  In one of the female 
batches, one progeny out of  nine  yielded 
a 99% female sex  ratio. In the other 
batch, eight progenies out of nine yielded 
87-99%  females, and only one progeny 
(i.e.,  11%)  was  a  real  all-female 
population and therefore corresponded 
to  the monofactorial XX/XY theoretical 
model. As in the present study, one of 
the batches produced a majority of 
progenies with unexpected sex ratios. 
Finally,  in the third study,  four sex 
reversed males were identified by the 
sex ratio of their progenies in  1 1 single 
pair matings. Two progenies out of 11 
yielded unexpected sex ratios, with  6.7 
and 17.4%  males. Nine other progenies 
were considered all-female.  However. 
the number of  sexed fish was still very 
low, with an average of 20  fry per batch 
(rnin.: 6;  rnax.: 43), and low  percentages 
of unexpected males may therefore have 
escaped notice. 
These four different studies show sex 
ratios that cannot be explained by a 
monofactorial sex determination al- 
though they can constltute SO (Calhoun 
and Shelton 1983)  to 88% (this study) 
of the progenies. However, as  the 
number of  these unexpected proportions 
of  males was often fairly low, they may 
have been masked,  at least partially, 
in other studies based on a very lim- 
ited sample size. 
The percentage of unexpected males 
in  successive progenies from the same 
sex reversed male differs from progenies 
to progenies; a paternal and maternal 
effect may be involved. A maternal in- 
fluence is also suggested by  the differ- 
ences in  the proportions of unexpected 
males observed in the mass breeding 
of  sex reversed males depending on the 
batch of females  used (Calhoun and 
Shelton 1983). In  diallel crosses involving 
five pairs of broodfish of 0. ni/ot/cus, 
there is no such maternal or paternal 
influence (Mair et al. 1991). 
Therefore, deviations from the theo- 
retical model may be found in  high pro- 
portions and seem to be incompatible 
with rare autosomal factors. The  con- 
ditions under which these reversals occur 
in relation to  the expected phenotype 
have not yet been clearly established. 
The  hypothesis of genetic contamina- 
tion seems unlikely since Majumdar and 
McAndrew (1  983) demonstrated the 
presence of unexpected sex  ratios in 
isolated natural populations. More  com- 
plex, polygenic genetic models could 
be involved. However, the absence of 
sex-specific genetic markers in  tilapias 
renders difficult genetic analyses such 
as  those  conducted  on  platyfish 
(Xiphophorus  macu/atus) (Kallman 1984). 
The deviations observed could also re- 
sult from the potential effects of  external 
factors on differentiation. Depending on 
the genotype,  one or more external 
factors could influence the phenotypic 
sex of the fry during the gonadal dif- 
ferentiation of sex. This hypothesis, far 
easier  to test  than a  complex  sex 
determining mechanism, could explain 
some unexpected results such as  the 
presence of males in progenies from sex 
reversed males as well as the presence 
of a natural XY sex reversed female in 
0. niloticus (Scott et al. 1989;  Mair et 
al. 1981  ). Consequently, a study on the 
effects of temperature on the sex ratio was conducted on progenies  from these 
sex reversed males (Baroiller et al.,  this 
vol.). 
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Abstract 
Synthetic androgens are often considered to be more potent than natural androgens for  sex 
reversal  treatments  in  fish.  Preliminary  experiments  on  the  natural  androgen.  11  B- 
hydroxyandrostenedione (1  1  D-OHA4).  recently identified In the gonads of fry  of 0. nllotlcus In 
the early stages of testicular ontogenesis,  showed a high masculinizing potential.  Fry  of 10-14 
days post-fertilization (dPF) were produced from single pair matings using untreated females and 
either normal or sex reversed males, to assess any significant deviation in sex  ratio compared to 
the controls. The fry were then treated during a minimum perlod of 21 days either with the natural 
or synthetic androgen added to the Feed at different concentrations.  Complete sex reversal was 
achleved with both steroids.  All-male  populations were produced In elght groups treated with 
10-35 yg 1 18-OHA4.g-I  of feed and in two groups treated with 17a-methyltestosterone (1  7a-MT) 
at 5  and 20 pg.g-l  of feed, respectively. There was no significant difference in the potency of the 
two androgens for concentrations higher or equal to 10 pg.g-'. However, at 5 pg.g-'. only 17a-MT 
produced 100% male populations whereas  1  ID-OHA4 produced 88.9%. In contrast,  the lowest 
concentration of 11B-OHA4 (1 yg.g'l) significantly deviated sex  ratios whereas  17a-MT  had no 
effect compared to the controls. 
The natural androgen 1  113-OH44 can therefore constltute an alternative treatment to synthetic 
sterolds. Low concentration treatments can be optimized by increasing the duration of treatment. 
lntroductlon  mis, Sarotherodon and Tilapid)  constitute, 
with the cyprinids and  salmonids, one 
Today,  with  an  annual  global  of  the three most important groups of 
production of approximately 500,000  freshwater fish for aquaculture. However, 
tons (Lazard 1 WO),  tilapias (Oreochro-  In culture conditions where competition for food is  high, the highly efficient 
reproduction  of  the  species  of 
Oreochromis (Baroiller and  Jalabert 1989) 
and their early sexual maturity lead to 
overcrowding and stunting, resulting in 
limited economic yields for fish Farms. 
A solution to  this problem consists in 
producing monosex populations.  All- 
male populations are preferred because 
their growth performance is  better 
compared to females (Pruginin  1967: 
Hickling 1968;  Hanson et  al. 1983). 
Currently, two techniques are used 
to  produce monosex populations for fish 
culture (Baroiller and Jalabert 1989): 
Manual sexing. Based on the sexual 
dimorphism observed in the urogenital 
papilla, this technique entails the elimi- 
nation of all females, i.e.,  approximately 
half of  the initial population as soon as 
possible (after a two  to  three month nurs- 
ing period). Manual sexing, which is used 
in Africa, is time-consuming: it also re- 
quires qualified personnel, and includes 
3- 10%  errors (Lazard 1980:  Chervinski 
and Rothbard  1982).  In addition, this 
technique requires rearing a population 
of  fry for two  to  three months after which 
half (the  females)  will be eliminated. Al- 
though manual sexing is  simple, it is 
expensive in  terms of  time and labor 
and implies the underutilization of  farm- 
ing infrastructures and lower feed pro- 
ductivity. 
Hormonal sex reversal. This technique 
consists in masculinizing the entire popu- 
lation of  fry by adding a steroid to  the 
feed for a short period (Guerrero 1982; 
Hunter and Donaldson  1983; Pandian 
and Varadaraj 1987; Baroiller and  Jalabert 
1389).  Hormonal sex reversal has been 
commonly used for several decades by 
a number of  tilapia producing countries 
such as Israel, Taiwan and the Philip- 
pines. This technique requires the sys- 
tematic treatment of  every new popu- 
lation of fry. However, the use of hor- 
mones in the production of animals for 
human consumption is  still prohibited 
in many countries (France  and the United 
Kingdom, for example)  which consider 
that the treatment and the effects of 
the  synthetic steroid waste products are 
still insufficiently understood, especially 
their ecological impact. 
In  tilapias, as in  all  teleost fish, no 
definite physiological proof supports  the 
hypothesis of  Yamamoto ( 1969) that 
steroids are  the natural inducers of  dif- 
ferentiation (Adkins-Regan 1987).  The 
modification of the natural process of 
sexual differentiation by exogenous 
steroids  could be due  to  pharmacological 
effects (Reinboth  1970). In  fact, few 
studies  have  investigated  early 
steroidogenesis during the  gonadal sex 
differentiation of  gonochoristic fish (van 
den Hurk et al.  1982: Rothbard et al. 
1987; Baroiller  1988a  and b; Baroiller 
et  al. 1988). 
In  Oreochrornis niloticus, early steroi- 
dogenous potential in male and female 
gonads has been analyzed during the 
first three months of  their life; this pe- 
riod covers the entire process of  testicu- 
Iar and ovarian differentiation (Baroiller 
et al., in  press). Testosterone can be 
synthesized by the  gonads  of both sexes 
whereas oestradiol is  exclusively pro- 
duced by the ovaries  (Baroiller 1988b). 
In contrast, certain androgens like 1  113- 
hydroxyandrostenedlone  (1  1  B-OHA4) 
and adrenosterone prove male sex-spe- 
cific during the same period (Baroiller 
1988a and b) and show masculinizing 
potentialities (Baroiller 198813). 
Artificial steroids  are  generally more 
potent in their masculinizing effects than 
natural androgens (Hunter  and Donaldson 
1983).  The  potency  of  17a- 
methyltestosterone ( 1  7a-MT) is attrib- 
uted to the presence of  the 17a-me- 
thy1 group which makes its elimination 
slower than in  natural androgen like 
testosterone (Fagerlund and McBride 
1978; Donaldson et  al.  1979). A study of the masculinizing poten- 
tial of  1 1  a-OHA4 and 17a-MT was con- 
ducted in 0. niloticus to compare the 
respective performances of both artifi- 
cial and natural hormones; to test the 
hypothesis of  a possible role of  1113- 
OHA4  in the process of testicular dif- 
ferentiation; and also to study possi- 
ble alternatives to  traditional sex reversal 
treatments. 
Materials and  Methods 
Animals Tested 
Two types of  male broodfish  of  0. 
nllotlcus of the "Boual<e"  strain (Baroiller 
198813) were used for the production 
of fry families: normal males (XY) and 
sex reversed males (XX). The latter came 
from two related families and yielded, 
for most of  them, significant propor- 
tions of males in  their progenies pro- 
duced by single pair matings (Baroiller, 
this vol.). 
the fertilization date and the marks on 
the respective parents, was divided into 
two to five batches of  at least 100 Fry 
reared separately in  200-1 aquaria. 
Hormone Treatment 
Steroids were administered through 
the feed. A first feeding salmonid Feed 
(Aqualim) was impregnated with an 
alcohol solution containing steroids. 
Concentrations of  1  to 45 ug of ster- 
oids per gram of feed were tested. For 
the control batches, the same prepa- 
ration was applied except that the feed 
did not contain any steroid. 
Fry were fed ad libitum six times dally 
using an automatic feeder during the 
12-hour photoperiod, seven days a week. 
Fry  at 10-1  5 dPF were treated thus 
for 45 and 21 days. To avoid a poten- 
tial masculinizing effect from the tem- 
perature (Baroiller et  al., in press), the 
water, which was filtered and aerated, 
was maintained at 282  1 .S°C. 
Nursing and Sexing the Fry 
Breeding 
Single male broodfish were placed in 
400-1 aquaria with normal females at a 
sex ratio of 4: 1.  The water in thebreeding 
aquaria was filtered and maintained at 
a constant temperature of  27°C.  Each 
animal was identified by a mark inserted 
in the dorsal muscles. Reproduction was 
detected at the onset of  maternal 
mouthbrooding behavior which is char- 
acterized by a  dilation of  the mouth. 
On the first day of incubation, all other 
individuals were removed to leave the 
mouthbrooding female on her own in 
the breeding aquaria. Five  days after 
hatching, i.e., nine days post-fertiliza- 
tion (dPF), the fry were removed horn 
the mouth. Each  brood, identlfled by 
At the end of the treatment, fry older 
than 3  1  dPF  were transferred to 1.5- 
m3  outdoor tanks where they were fed 
the same diet until  sexing was possl- 
ble. At 60-90 dPF, when the histologi- 
cal differentiation of the male and Fe- 
male gonads had already taken place 
(Baroiller 1988a  and b),  all fry were sexed 
by microscopic examination of the  gonad 
squash (x125). The presence of  pre- 
vitellogenic (auxocytosis)  or  vitellogenic 
oocytes, and the lobular configuration 
showed the female and male sexes, re- 
spectively. 
A  xZ  test was used to compare the 
sex ratios of the batches that had re- 
ceived treatment and the control batches 
(a=0.05). Results 
After treatment and at the moment 
of sexing, there was no significant dif- 
ference in  the survival rate of  the fry 
between the controls and the batches 
that underwent hormonal sex reversal, 
regardless of the treatment duration and 
the concentrations used (Table 1). 
The microscopic examination of  the 
gonad squashes  OF fry treated with 1 1  B- 
OHA4 ( 1,63  1 sexed animals) or  17a- 
MT (41  6 Fry) did not show any herrnaph- 
rodite characteristics, sterility, or struc- 
tural  abnormality. The gonads of  the 
individuals treated with 1 1  B-OHA4 were 
functional, irrespective of their geno- 
type: functional sex reversed male XX 
and normal males were obtalned and 
identified by progeny testing at  the end 
of these treatments (Baroiller, this vol.). 
Of the 17 batches treated with 1  1 B- 
OHA4, only one batch showed no de- 
viation  of  sex ratio compared to the 
controls (Table 2). The progeny of the 
XY4 male underwent hormonal sex re- 
versal only after treatment 15  dPF 
whereas the 13  other families received 
treatment after  10-14 dPF.  Since sex 
reversal was produced in the four other 
batches also treated with 5 pg.gA',  this 
concentration did not seem to be the 
cause of absence of a deviation in  sex 
ratio. This result could instead indicate 
a critical period of hormonal sensitiv- 
ity. 
All  treatments using  1 1 l3-OHA4  on 
fry of  less than 15  dPF significantly af- 
fected the sex ratio towards the male 
sex compared to the controls, regard- 
less of the concentration  used  (Table 
2). 
In contrast, 17a-MT had masculinizing 
eFfects only in a range of concentrations 
between 5 and 45 pg.g-'. 
The 21 -day treatment yielded all-male 
populations using hormonal concentra- 
tions between 10 and 35 pg.g-' (1  1  E- 
OHA4) and at 5 pg.g-' (1  7a-MT). With 
concentrations lower or equal to 5 pg 
of  11  0-OHA4 per gram of  feed admin- 
istered over a period of  21  days, the 
percentage OF males was proportional 
to the concentration used (Fig. 1). 
There was no  significant difference in 
masculinizing potency between the  two 
hormones for concentrations of  10-45 
pg.gA'.  With concentrations of 5 pg.g-' 
and higher, significant differences were 
observed in  the results of  both treat- 
ments:  using 5  pg.g-',  only  17a-MT 
yielded 100% male populations against 
a maximum of 88% with 1  I l3-OHA4. In- 
versely, 1 7a-MT was not eFFective if used 
at I pg.g-',  whereas 1  1B-OHA4 used at 
the same concentration significantly 
altered the percentage of  males com- 
pared to the controls. 
Replicates (2-4) were conducted for 
four different  concentrations of  1 1  R- 
OHA4 (5, 20, 30 and 35 pgag-') (Table 
2).  There was no significant difference 
in sex ratios between replicates of  the 
same treatment. 
Dlscusslon 
The hormones used for  masculiniza- 
tion of fish are generally artificial mol- 
ecules derived from testosterone: 17a- 
MT,  17a-ethynyltestosterone, dihydro- 
testosterone acetate and testosterone 
propionate. These synthetic androgens 
are considered more potent than natu- 
ral androgens for the hormonal sex re- 
versal of gonochoristic teleost fish spe- 
cies (Hunter and Donaldson  1983). 
Many  authors have also produced 
100% male tilapia populations using 
these steroids, despite a great hetero- 
geneity In  the experimental conditions: 
especially concentrations varying from 
I0 to 240 pg.g-I of feed (Baroiller and 
Jalabert 1989).  The optimum concen- 
trations usually suggested are 30 pgeg-' Table  1. Survival of Oreochromis nllotlcus Fry  according to hormone treatment applied for sex 
reversal. 
Treatment  Survival  Number  Survival  Number 
after treatment  of batches  at sexing  of  batches 
(yo)  tested  W)  tested 
1 1  R-OHA4  83.8  15  55.2  17 
17a-MT  85.6  4  56.7  4 
Control  79.6  12  50.2  14 
Table 2. Sex reversal treatments admlnlstered to Oreochromis niloticus fry, the progeny of normal male (XY,,)  or 
sex reversed male (XX-) broodfish pairs. 
Treatment characterlstlcs  Sexing characterlstlcs 
Broodflsh  Steroid  Level in  Initial age  Final  Duratlon  Number  Number  Males 
male type  Feed  of progeny  Age  days  of  o  f  (Oh) 
and no.  (!Jg.g-')  (dPF)  (dPF)  males  females 
XY 1 
XYZ 






XX  7 
XX8 
XX9 









1 1  R-OHA4 
1 1 R-OHA4 
Control 
1 10-OHA4 
11  E-OHA4 
Control 
1 1  R-OHA4 











1 1  I?-0HA4 
Control 
1 1  R-OHA4 
Control 
1 1  13-OHb4 
Control 




Control  0  13  34  2 1  11  59  15 
dPF=days  post-fertlllratlon. Hormone levels  in feed  (~gq-') 
Fig.  1. Efficiency  of hormonal  sex  reversal  us- 
ing different  sterolds and different concentra- 
tlons In  tllapla Feed. 
For  17a-MT and 60 pg.g-' for ethynyltes- 
tosterone (Pandian and Varadaraj 1987; 
McGeachin et  al. 1987: Rothbard et  al. 
1987;  Baroiller and Jalabert 1989).  For 
0.  mossambicus, the minimum concen- 
tration  for the production of all-male 
batches using 17a-MT is 5 pg.g-' (Pandian 
and Varadaraj 1887).  Other artificial an- 
drogens  such  as  17a-methyl-5- 
androsten-3B- 1  7B-diol  (Varadaraj and 
Pandian 1987)  and mibolerone (Guerrero 
and Guerrero, this vol.) have also been 
used. 
The present study indicates that in 
0. niloticus, the minimum conccntra- 
tion of  17a-MT yielding a  100% male 
population is also 5 pg-g-'  for a 21  -day 
treatment period; there was no devia- 
tion in sex ratio with concentration of 
1 pgag-I. 
As the steroidogenesis in the period 
of gonadal differentiation has not been 
extensively studied in teleost fish, par- 
ticularly in tilapia (Baroiller 1988a  and 
b; Baroiller et al. 1988),  only a limited 
number of  natural androgens have been 
tested as  masculinizing agents. Among 
these, two I I  -oxygenated derivatives, 
administered through the rearing wa- 
ter and through the feed, respectively, 
can modify the differentiation process 
in tilapia: adrenosterone causes a de- 
struction OF the ovarian structures in 0. 
niloticus at a concentration of 5 rng.1.' 
(Katz et al.  1976) and  1 1  ketotes- 
tosterone, at 200 pg.g-',  inhibits the for- 
mation of  the ovarian  cavity  in  0. 
rnossambicos but does  not prevent the 
formation of young oocytes that will sub- 
sequently degenerate (Nakamura 1981  ). 
However, considering the high levels 
used, the hypothesis of  toxlc or para- 
doxical  effects cannot be discounted 
(Hunter and Donaldson  1983). In  0. 
niloticus, the masculinizing effects of 
adrenosterone have also been demon- 
strated after treatments through the Feed 
at 45  pg.g-' (Baroiller 1988b). 
Until then, 1 113-OHA4  had not been 
used in hormonal sex reversal treatment 
in tilapia. This natural androgen shows 
a masculinizing potency comparable to 
that of 17a-MT at concentrations of 10- 
35 pg.g-I. In addition, deviations of sex 
ratio are observed at concentrations 
lower than 5 pg-g-',  which is  not the 
case for  17a-MT. 
The microscopic examination of the 
gonads of  fry  treated  for 60-90 days 
did not show any abnormality in  the 
course of  gonadal ontogenesis. Moreo- 
ver, the Functional  reversal of  the go- 
nads was demonstrated by the identi- 
fication of  the sex reversed males af- 
ter progeny testing of the individuals 
treated in the present study (Baroiller, 
this vol.). 
The steroid 1 1 B-OHA4 was identified 
in vilro in three species of  teleost fish 
in the early stages of differentiation: this 
1 I -oxygenated steroid can be specifi- 
cally synthesized by the testes of  the 
rainbow trout Oncorhynchus mykiss (van 
den Hurk et al. 1982).  the catfish Clarias gariepinus (van den Hurk et al. 1989) 
and 0. niloticus (Baroiller 1988b)  dur- 
ing the early gonadal ontogenesis. 
Administered  through the feed (60 
and 6 pg.g-')  and through the rearing 
water (300 pg.1-'), 1 1 R-OHA4 produces 
populations with high  percentages of 
males, yielding 76-78% in the trout (van 
den Hurk and Lambert  1982; van den 
Hurk and van Oordt 1985)  and 77% in 
the catfish  (van den Hurk et  al. 1989), 
respectively, against 48 and 50% males 
in  the controls, respectively.  In  C. 
gariepinus (van den Hurk et  al. 1989). 
17a-MT  significantly biases the sex ratio 
towards males (65%)  at  concentrations 
of 30 pg.1-' and towards the Female sex 
at 100 pg.12'. In  Oncorhynchus myklss, 
testosterone derivatives may not be es- 
sential for testicular differentiation: 
testosterone and its  I l -oxygenated 
derivative can  be synthesized by the 
testis only  stages beyond those at which 
1  1 B-OHA4 has been identified (van den 
Hurk et  al. 1982).  Furthermore, a treat- 
ment using cyproterone acetate did not 
affect the sex ratio of  the batches of 
trout (van den Hurlc and van Oordt 1985) 
and tilapia  fry  (Hopkins et al.  1979). 
The androstenedione 1 1 -oxygenated de- 
rivatives may be involved in some  stages 
of testicular differentiation in these three 
species. 
In 0. niloticus, response to  the hor- 
mone treatment is  observed during a 
determined critical period. To be effi- 
cient, treatment must begin  between 
nine and 13 dPF.  Beyond this period, 
differentiation  seems  definitively accord- 
ing to the genotype; from then on, it 
could only be affected  by  exogenous 
steroid factors. 
The 21  -day treatment is therefore ap- 
plied between 9-30 dPF. From a histo- 
logical  perspective, at 27T, oogonia 
proliferation occurs in females between 
20-28 dPF and is followed by their First 
meiotic prophase at 28-35 dPF (Barolller 
1988a and b). In  males, a highly pro- 
gressive multiplication of somatlc cells 
and sperrnatogonia is observed during 
the same period (Baroiller 1988 a and 
b). Exogenous hormones are therefore 
administered to the Fry  before the es- 
tablishment of these histological proc- 
esses. 
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Abstract 
In Oreochromis niloticus, hormonal sex reversal of an entlre progeny from crosses between a sex 
reversed XX  male (produced by steroid treatment) and a normal XX female, resulted In a progeny of 
sex reversed XX male siblings. The sex ratio of the progenies produced by single pair matings OF 22 of 
these sex reversed males is only rarely all-female, as  opposed to predictions of a monofactorial sex 
determination model. In order to assess a potential thermosensitive differentiation, progenies from 
these sex reversed males were submitted to high temperatures for 21 days. Nlne to 13 day-old fry 
post-Fertilization (PF) from 17 progenies were reared at high temperatures ranging From 30 to 36T  and 
to an average control temperature of 28°C. respectively. No slgnlficant difference in survlval was observed 
between the two groups OF fry with 76.2 and 74.2% survival rates at 28 and 30-36"C,  respectively. All 
survlvlng fry  (an average of about  100 per batch) were sexed by  histological examination of tissue 
squashes at 60-90 dPF.  High temperatures  shifted the control sex  ratios From 0  to 91%. As the low 
mortalities cannot account For  these deviations, thermosensitivity is demonstrated In 0. niloticus. 
'Current  address:  CIRAD-EMm, Laboratoire de physiologie des poissons. INRA,  Campus de Beaulieu, 
35042 Rennes Cedex,  France. In  controlled environments, the early 
and prolific breeding of  tilapias (Baroiller 
and Jalabert 1989)  results in rapid over- 
population with a tendency to stunting. 
The artiflcial control of tilapia reproduc- 
tion is therefore essential to  make its culture 
profitable. Since individual  males show 
better growth rates than females (Pruglnin 
1967;  Hickling 1968; Hanson et  al. 1983), 
three approaches have been suggested 
to  produce all-male populations: (I)  manual 
sexing by examination of the urogenital 
papilla (Hickling 1963; Guerrero 1975); 
(2)  hybridization (reviews of  Lovshin 1982; 
Majumdar and McAndrew 1983;  Wohlfarth 
and Hulata 1983);  and (3)  hormonal sex 
reversal (reviews of Guerrero 1982;  Hunter 
and  Donaldson  1983;  Pandian  and 
Varadaraj  1987). Manual  sexing by 
examination of the urogenital papilla (2.7- 
10% errors) results in the elimination of 
half of the population after two to  three 
months (Baroiller and Jalabert 1989).  Al- 
though today, hormonal sex reversal  is 
the most widely  used  of  the three 
techniques because of  its efficiency and 
reliability,  it is  often questioned. For 
example, the effects of  the degradation 
products of synthetic steroids have not 
been studied sufficiently, especially for 
their  ecological  consequences. 
Hybridization using two parental species 
of culture interest like Oreochromis  niloticus 
and 0.  aureus does not systematically 
produce  100% males (Majumdar and 
McAndrcw 1983;  Wohlfarth and Wedekind 
1991). 
A  fourth, intraspecific approach was 
suggested by Yamamoto ( 1969)  and has 
been used for the past ten years. Thls 
technique  consists  in  producing 
homogametic  male and female broodfish 
which in turn produce all-male progenies. 
In species like 0. aureus, where the male 
is homogametic (ZZ), Feminization followed 
by an analysis of  the sex ratio of the 
progenies from the females produced by 
single pair matings are  sufficient steps  to 
produce such individuals (Hammerman and 
Avtalion 1979:  Jensen  and Shelton 1979). 
In species like 0.  niloticus, where the male 
is  heterogametic, an additional step is 
required to produce a  new, viable and 
fertile YY  genotype (Baroiller  198813; 
Baroiller  and jalabert  1989; Scott et al. 
1989: Varadaraj  1  989). 
However, in  most of  these intra- and 
interspecific studies, some  sex ratios are 
incompatible with a simple monofactorial 
sex determination, XX/XY  or ZZ/ZW 
depending on the tilapia species (reviews 
of  Mair et al. 1991  a, 199  1  b; Wohlfarth 
and Wedekind  1991). To explain these 
unexpected sex ratios, two other models 
were suggested: one  suggests  combining 
two alleles from an autosomal locus and 
two of  the three sex chromosomes 
(Avtalion  and  Hammerman  1978; 
Harnmerman and Avtalion 1979);  the other 
suggests a polygenic model (Majumdar 
and McAndrew 1983: Mair et al.  1987). 
However, these two theories cannot ex- 
plain all the results found in the  literature 
(Avtalion and Don  1990: Wohlfarth and 
Wedekind  199  1  ). 
However, in  several species of  inver- 
tebrates (Bacci  1965; Charnov and Bull 
1977) and lower vertebrates (Conover 
1984: Adkins-Regan 1987: Dournon et  al. 
1990),  environmental factors  can determine 
the phenotypic sex, independently of  the 
genotypic  sex  determined  durlng 
Fertilization. Temperature is the major factor 
in the environmental sex determination 
of a majority of lower vertebrates (Bull 
1983). In fish, the use of various hormone 
treatments inducing functional inversions 
artificially  has shown a  high level  of 
plasticity  in  gonadal  differentiation 
(Yarnamoto 1969: Hunter and Donaldson 
1983). Moreover, environmental factors 
(social and thermal) are known to influ- 
ence  sex  determination in hermaphrodites 
(Harrington 1967, 1968, 197  1 ;  Reinboth 1975; BruslC and BruslC 1983;  Chan and 
Yeung 1983).  It is only in the last ten years 
that thermodependent sex determination 
has been identified in a gonochoristic fish 
(Conover and Kynard 1981  ;  Conover 1984: 
Conover and Fleisher 1986;  Conover and 
Heins 1987a, 1987b). In  species where 
heterogamety cannot simply account for 
the varied sex ratios observed, environ- 
mental factors could be involved (Conover 
and Fleisher 1986:  Chourrout 1988).  Sibling 
sex reversed males of 0. niloticus with a 
majority of progenies showing unexpected 
sex ratios, based on a classic monofactorial 
model, were recently produced (Baroiller, 
this vol.). Studies on the effect of  high 
rearing temperatures on the sex ratio were 
consequently conducted on this type of 
progeny. 
Materials and Methods 
Animals 
Seven sex reversed males produced by 
hormone treatment using a family of fry 
OF 0. niloticus of  the "Bouake strain" 
(Baroiller et  al., in press) were identified 
by their all-female individual progeny. One 
of these sex reversed males was bred again 
and a sex reversal treatment was applied 
to  its entire progeny (Baroiller, this vol.). 
Nine  of the sex reversed males thus 
produced were selected for breeding and 
placed individually with normal Females 
at a sex ratio of 4:  1 in 400-1 aquaria. Most 
of  the sex reversed males originating from 
the same stock produced  theoretically 
unexpected males (Baroiller,  this vol.). One 
of  these  males  (male B3)  naturally 
originating from a sex reversed male was 
used  as a  broodfish  in  the present 
experiment. The  water temperature was 
kept at 27OC  using a  thermoregulating 
device. Each  animal was identified by a 
tag inserted  in  its dorsal musculature. 
Reproduction was detected by the onset 
of maternal mouthbrooding behavior (eggs 
then fry) which  is  characterized by  the 
dilation of the Female's mouth. As soon 
as this  particular  characteristic  was 
observed, all  other individuals were 
removed leaving the Female to incubate 
in the aquarium. Five days after hatching, 
i.e.,  nine days post-fertilization  (dPF), fry 
were removed from the mother's mouth. 
Each progeny, identified by its fertilization 
date  and the tags on the parents, was di- 
vided into two to Five  equal batches of 
at least 100 individuals. Each batch was 
reared separately in  200-1  aquaria. The 
water in the aquaria was filtered, aerated 
and thermoregulated. Batches For  exposure 
to high temperatures were placed in small 
0.5-1 plastic containers containing an air 
stone. These containers were left afloat 
in  the aquaria  For  a  Few  hours  for 
temperature adjustment before releasing 
the fry  which  remained  21 days in  the 
thermoregulated aquarium. This period 
corresponds to the optimum treatment 
duration to  produce all-male populations 
by hormonal sex reversal with a natural 
androgen, 1  1  B-hydroxyandrostenedione 
(1  1 B-OHA4) (Baroiller and Toguyeni, this 
vol.). Fry were Fed  ad libitum six times a 
day and seven days a week using first- 
feeding salmonid feed (Aqualim)  distrib- 
uted by an automatic feeder during the 
12-hour photoperiod. Seventeen sex 
reversed male progenies were used in the 
present study. After  treatment, batches 
of one month-old  Fry  were stocked indi- 
vidually in  external 1  .5-m3 tanks where 
they were fed ad libitum six times a day 
and six days a week until  sexing at 60- 
90 dPF. 
Identiflation of  the Phenotypic Sex 
At a minimal age of two to three months, 
when the histological characteristics of 
the male and female differentiation are 
already established (Baroiller  1988a. 
1988b), all  fry  From  each batch  were dissected and their gonads examined by 
simple squash, using a 125X  microscope. 
The  presence  of  previtellogenic  or 
vitellogenic oocytes and the lobular 
configuration revealed the ovary and the 
testis, respectively, and consequently the 
phenotypic sex. 
Results 
The mean survival rate (S) at the time 
of sexing did  not differ significantly 
between the control batches reared at 
temperatures of 26-29OC (S = 76.2% for 
1.879 sexed fry) and the batches subjected 
to higher temperatures ranging from 30 
to 36OC (S = 74.2% for 2,880 fry). These 
survivals produced batches of  an average 
of  100  individuals at the time of sexing. 
For three families of fry MXX9  x FXXI 0, 
MXX9 x  FXXI 1 and MXX7 x  FXX7, two 
control batches were reared at a mean 
temperature of 28°C (Tables 1 and 2).  No 
significant difference was observed in the 
sex ratio among batches of the same  family. 
Seventeen families of fry, each divided 
into several batches, were reared at two 
temperatures: 20  batches served as  controls 
(temperatures  of 26-29°C); and 32  batches 
were exposed to  higher rearing tempera- 
tures ranging from 30 to 36°C (Table 3). 
Compared to  controls, 16  of these families 
showed different sex ratios in at  least one 
of the experimental batches (Tables 1 and 
2, Fig.  1).  These deviations in sex ratios 
cannot  be attributed  to differential 
mortalities related to  high temperatures. 
The low mortality rate observed in most 
batches does  not sufficiently explain these 
large deviations. In the  XX17 x XX11 cross 
especially,  the seven and six  deaths 
observed in the control batch and in the 
batch  exposed to 36"C,  respectively, 
cannot explain the difference of  91% of 
males between the two populations of 
99 and 100  fry previously identified. The 
sex ratios of progenies from sex reversed 
males of  0. niloticus were therefore directly 
influenced by the high rearing tempera- 
tures. 
No significant difference in sex  ratios 
was observed  between  the batches 
exposed to 31°C and the control batch 
(Table 3). Among the sex ratios of  six 
batches exposed to  32-33OC. five of  them 
were significantly biased towards the males 
compared to the percentages observed 
in the control batches exposed to 27°C 
(Table 3).  Between 34 and 36OC.  20 batches 
out of 23  showed significant changes in 
the percentage of males as compared to 
their respective control batches. For tem- 
peratures 2 32%  proportions of males 
in experimental populations increased from 
0 to  91  % as  compared to  the control sex 
ratios. 
The intensity of response was neither 
directly proportional to  the temperature 
applied, nor to the percentage of males 
produced  at the control temperature. 
Progenies differed significantly in  their 
sensitivity to  temperature, both vis-2-vis 
an effective minimal temperature and in 
the extent of deviation in sex  ratios in 
identical culture conditions. In experiments 
using the same temperature of  36"C, 
changing male sex ratios (14.1 to 91  %) 
were observed depending on  the progenies 
(Tables 1 and 2). Strong paternal (XX9 x 
XX1B/XXlSxXX16) and maternal (XX17 
x XX151XX17 x  XX11)  influences were 
observed on the thermosensltivity of  the 
progenies  (Table  3). However,  the 
proportion of males increased with the 
temperature in  nearly all  experimental 
batches. 
Out of all progenies used, only one  family 
showed no deviation in sex ratio regardless 
of  the temperature used. In  contrast to 
all  other  experiments,  temperature 
treatments were applied to  fry from the 
XX4 x XX5 cross only after 15 dPF instead 
of  9-1 3 dPF. This result probably reflects 
a  critical  period of  thermosensltivity. 
Beyond certain stages of differentiation, Table  1. Characterlstlcs of Orcochromls nllotlcus fry  reared  at dlfhrent temperatures:  Rr  detalls  of  parental  crosses,  see  text. 
Parental  cross  1°C  lnltlal age  Survlval  Survlval  Males  Control  x1 (level of slgnlflcance)' 
(M  x  F)  (f  range)  (dPF)  (no.)  (%)  (no.)  (%) 8 
e 
E 




XXI  XX4  XXII  XX17  XX 
Sex  reversed mks 
Fig.  1.  Effects of  temperature  (27-36°C)  on the percentages of males in the progeny of Oreochmmis 
niloticus From various parental crosses: For  details on parental crosses, see Table 1 and text;  scale bars 
represent standard errors and asterisks represent levels of signlflcant dlfferences of the hlgh temperature 
from lower temperatures in that group ('p<0.05:  "pc0.01:  "'p<0.001). 
Table  2.  Sex  ratio  responses  in  batches  of 
Oreochromis niloticus  fry  reared at  different 
temperatures. 
Temperatures  No. batches  No. significant 
("c)  tested  responses 
Table  3.  Parental  effect  on the  sex  ratios of 
Oreochromls  nilotlcus fry  reared  at different 
temperatures: for details on parental crosses,  see 
text. 
Bb  Males 
Parental  Control  at  36OC  Difference' 
cross M x  F 
the gonadal  sex may no longer  be 
influenced  by external factors such as 
temperature. 
The progeny horn the  XX17 x XX11 cross. 
with a sex ratio corresponding to the ex- 
pected sex ratio following a simple genetic 
model in a sex  reversed male of 0. niioticus, 
also showed a thermosensitive differentiation. 
Similarly, the progeny of  an unexpected 
male (male D3) from a cross between a sex 
reversed  male and a  normal female also 
showed a thermosensitive differentiation. Very  few studies have analyzed the 
environmental factors possibly involved 
in  the sex determination of  fish.  Most 
studies have focused exclusively on her- 
maphrodite species. In these species, the 
influence of  environmental factors on 
natural sex reversal has been demonstrated 
(reviews  of Reinboth 1975;  Chan and Yeung 
1983). In  Rivulus marmoratus especially, 
low temperatures produced primary males 
(Harrington 1967, 1968) and variations 
in  the photoperiod  resulted in  the pro- 
ductlon of secondary males (Harrington 
197  1  ). In gonochoristic species, only the 
studies on Menidia rnenidia (Conover  and 
Kynard 1981:  Conover 1884;  Conover and 
Fleisher 1986;  Conover and Heins 1987a, 
1987b) clearly  demonstrated the effect 
of external factors. Based on samples taken 
from the wild, a species of the same  genus. 
M.  peninsulae,  may  also  . show 
thermosensitivity (Middaugh and Hem- 
mer 1987).  Studies on viviparous species 
such as  Poeciliopsis Iucida suggest an en- 
vironmental influence on sex  determina- 
tion. However, the deviations observed 
could be due  to  the effects of temperature 
(Sullivan and Schultz 1986),  or of pH (Rubin 
1985)  on the physiology of the maternal 
parent, and might not reflect a direct effect 
on the embryo. In  the rainbow trout 
( Oncorhynchus mykiss), heat shocks of 
25 or 29°C or longer exposures to 23'C 
do  not significantly modify the sex ratio 
(Van den Hurk and Lambert  1982). In 
tilapias,  potential thermosensitivity has 
been studied in three species. In 0.  aureus, 
0. n//oticusand their hybrids, low survivals 
(5 26%)  and the small average quantity 
of  Fry  (23-28) produced in  batches ex- 
posed to  extreme temperatures (1  9.5 and 
32°C) prevented differential mortality from 
being excluded as  causal factor (Mair et 
a]. 1990). In  the same study, the sex ra- 
tios of  two batches of 0. mossamblcus 
exposed to 1  9-20°C differed signiFicantly 
from the sex ratios of their controls, with 
a  bias towards the male sex. However, 
the survivals (10.6 and 35.3%)  and the 
number of  fry (1  8 an!  41,  respectively) 
from  batches exposed to low tempera- 
ture did not lead to obvious conclusions. 
In view of the relatively high survivals 
and numbers of  fry used in  the present 
study, the hypothesis of  a  differential 
mortality cannot explain the deviations 
observed in the sex ratio of progenies from 
sex reversed  males of  0. niloticus. 
Temperature may therefore have an effect 
on sex determination in 0. niloticus. The 
proportions of males within a single family 
are, independent of the rearing temperature 
(26-36"C), under  high  paternal  and 
maternal influences. At 34°C and above, 
a  clear environmental effect on the sex 
ratio shows thermosensitive differentia- 
tion in progenies from sex reversed males 
of 0. niloticus. In M.  meniclia, the effect 
of  temperature on the sex ratio is  also 
under strong paternal influence: some  prog- 
enies do  not seem to be affected by the 
rearing temperatures: significant male and 
female percentages are observed at ex- 
treme temperatures (Conover and Heins 
1987b). Sex determination in M. menidia 
is considered to be an intermediate step 
between an entirely genetic determina- 
tion and an exclusively environmental de- 
termination (Conover and Heins 198713). 
In  reptiles showing environmental sex de- 
termination, an insignificant genetic base 
is found only in narrow ranges (sometimes 
only  2°C)  around  the  temperature 
thresholds and only one  sex is produced 
at extreme temperatures (Bull et  al. 1982); 
sex determination in such situations thus 
depends entirely on the environment. 
In  0. niloticus, the environmental 
influence on sex  determination can operate 
during  a  specific  critical  period  of 
thermosensitivity: between 9 and 13 dPF. 
Beyond this range, sex differentiation is 
probably irreversible, at least vis-A-vis ex- 
ternal factors, and would then correspond to  the genotype. A 21-day thermal treat- 
ment yields 91% maximum deviations if 
initiated before the 15th dPF. Additional 
experiments are, however, necessary to 
determine accurately the duration of the 
critical period. Histologically, two basic 
events in oogenesis occur between 20 and 
35 dPF at 27OC:  oogonia proliferate be- 
tween 20 and 28, dPF followed by  the 
first prophase between 28  to 35 dPF, or 
756 to  945 degrees  x days (Baroiller 1988a 
and b). During the same  period, the highly 
progressive multiplication of  the somatic 
and spermatogonla occurs in the testis 
(Baroiller 1988a and b). The chronology 
of these events depends on the rearing 
temperature  and seems to be more 
accurately determined by  a  number of 
degrees x days than by an absolute age 
(this study). During a 21  -day treatment 
beginning 10  dPF, high temperatures are 
applied before and at the onset of these 
events. In M. menidia, sensitivity to  tem- 
perature also occurs during a precise critical 
period at the end of which gonadal sex 
differentiation takes place. The time of 
occurrence and the duration of this period 
depend upon the temperature (Conover 
and Kynard  1981; Conover and Heins 
1987b).  The same  occurs in turtles (Yntema 
1979;  Pieau and Dorizzi  1981) and in 
alligators (Ferguson and Joanen 1982). 
The chronological characteristics of this 
period as  determined in the present study 
correspond, as in  reptiles (Gutzke and 
Chymiy  1988) to the period of sensitiv- 
ity to  hormonal treatment in the same  spe- 
cies (Barolller and Toguyeni,  this vol.). 
In 0. nllotlcus, hormonal sex reversal treat- 
ments using an androgen identified in vitro 
and testis-specific at the early stages of 
its ontogenesis (Baroiller  1988a and b) 
can be used to determine a  period  of 
hormonal sensitivity: to be efficient, the 
treatment with  1 1  l3-OHA4 should begin 
before 15  dPF (Baroiller and Toguyeni, this 
vol.) and should last 21 days. However, 
in thermosensitive turtle species such as 
Emys orbicularis, production of  some  ster- 
oids (estrogens), normally regulated via 
the  genotype,  would  become 
thermodependent beyond certain critical 
temperature thresholds (Dorizzi et ai. 
1991  ). A thermosensitive factor may be 
involved in the regulation of  the synthesis 
of enzymes that are specific to  the estrogen 
production (Pieau et  ai. 1987).  The level 
of  these steroids would then determine 
the phenotypic sex. Such pattern may exist 
in  most species with thermodependent 
sex determination (Zarborski et  al. 1988). 
Recent studies of 0. nlloticus show  that 
this  type  of  environmental  sex 
determination is found in progenies from 
normal males and females (Baroiller et  al., 
unpublished data). 
In 0. ni/oticus, sensitivity to  tempera- 
ture similar to  that observed in M. menidia 
is described in the present study. The 34'C 
thermal  threshold  for thermosensitivity 
can be experienced by tilapias in the wild 
as  well as in  culture conditions (Denzer 
1968; Philippart and Ruwet  1982).  This 
characteristic in sex  determlnation could 
explain part of  the unexpected results 
described in the literature. Environmen- 
tal sex determination could be far more 
common than initially believed (Conover 
1984;  Zaborski et  al. 1988).  In the platyfish 
(Xlphophorus  maculatus) in which genetic 
determination is well-established, unex- 
pected sex ratios have also been observed, 
including some  within a population. Long 
and  complex  studies  have  shown 
autosomal  interactions  in  species 
possessing several sex-specific markers 
(Kallman 1984).  In view of  these experi- 
mental difficulties, these analyses cannot 
be reasonably conducted on all species 
presenting unexplained  sex ratios.  The 
present study suggests that a potential 
thermosensitivity in the species studied 
should first be investigated before under- 
taking further studies. Acknowledgements 
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Abstract 
Based on data derived from bidlrectional selection for cold tolerance in tilapias. reallzed heritability 
estimates were calculated according to the ratio response:selection  differentlal. After one generatlon 
of selection, estimates for up-selected populations (most cold tolerant) were: Oreochromis  aureus, 
0.33; 0.  niloticus, -0.05:  and F,  hybrid, 0.31.  Estimates for two down-selected populations (least 
cold tolerant) were: 0. aureus, 0.04: and 0.  niloticus, 0.42.  Based on these inltlal estimates,  it 
should be possible to increase cold tolerance in 0.  aureusand related hybrids via dlrected selectlon. 
Following two generations of bidlrectional selection,  companion studies were undertaken to 
evaluate growth at low suboptimal temperatures. Fingerlings from up-selected populations grew 
significantly faster (Pc0.05)  than Fingerllngs from down-selected populations at temperatures ranging 
from  17.2 to 21 .Z°C.  Under low temperature regimes, growth rate of 0.  aureus was greater than 
0. niloticus, Irrespective of selection criteria (Pc0.05). 
Rapid expansion OF tilapia ( Oreochro- 
mis spy.) culture into the warmwater 
aquaculture industry of the United States 
is hampered by their sensitivity to  winter 
temperatures, and in certain instances, 
low market acceptability. Growth and 
reproduction of commercial strains are 
negligible at 20 and 22°C respectively 
(Behrends and  Smitherman  1983). 
Species specific mortality ensues after 
prolonged exposure to  temperatures of 
10  to 15OC (Shafland and Pestrak 1982; 
WohlFarth and Hulata 1983; Behrends 
et al. 1990a). 
Red-colored  tilapias are oFten  per- 
ceived as being more attractive than 
"normal-colored"  tilapias  and  can 
command a premium price. However, 
many commercial strains of red tilapias 
grow slowly, suffer high mortalities (El 
Gamal et  dl.  19881, and are more sen- 
sitive to low temperatures than other 
commercial strains of  normal-colored 
tilapias (Behrends et al. 19904. 
It  may be possible to develop fast- 
growing, cold-tolerant hybrid strains  OF 
red tilapias via interspecific hybridization 
and introgression coupled with directed 
selection. This  requires use of  two 
breeding schemes: introgression of the 
red hereditary material into commerclal 
strains of  wild-type colored tilapias, and 
mass  selection  of  improved  cold 
tolerance within specific populations, 
or in  segregating  F,+  generations. 
lntrogression of desirable red coloration from otherwise unproductive strains  into 
valuable commercial strains has been 
accomplished in the genus Oreochro- 
mis of which many species hybridize 
readily (Behrends and Smitherman 1984; 
Behrends et al. 1990b). However, im- 
proving cold tolerance in  warmwater 
fishes via directed selection has not been 
previously investigated (Gjedrem 1983). 
It requires establishing selection criteria 
and adequate selection techniques. 
Objectives of this research included: 
( 1  )  documenting first-order estimates 
of  realized heritability for cold toler- 
ance in several distinct populations of 
tilapia and (2) evaluating growth of 
bidirectionally selected strains over a 
range of low suboptimal temperatures. 
Malerlals and Methods 
Fish Stocks 
Populations tested included  Oreo- 
chromis aureus (Israeli  strain), 0. 
niloticus (Egypt strain) and a red and 
normal-colored  F,+  hybrid  strain (red 
aureus  females x  red niloticus males). 
Fingerlings used in tests of cold toler- 
ance, realized heritability and growth 
at suboptimal temperatures were de- 
rived  From  populations encompassing 
10  to  40 spawns per population. 
Red and normally pigmented hybrid 
strains of 0.  aureus  and 0.  niloticus were 
produced over several generations via 
introgressive hybridization (Behrends et 
al. 1990a).  This entailed, for example, 
producing F,  hybrids by  crossing 0. 
aureos  females  with a red hybrid (pre- 
dominantly 0. mossambicus) and sub- 
sequently backcrossing red hybrid males 
to 0.  aureus  females for multiple gen- 
erations.  The two red hybrid strains were 
subsequently crossed to combine the 
cold tolerance of 0.  aureus  with the su- 
perior growth of  0.  niloticus. 
Reallzed HerirabJIi@ Estimates 
Three control populations of tllapia 
(0.  aureus, 0. niloticus and a  red  F, 
hybrid strain), consisting of600  finger- 
lings per population, were subjected to 
standardized long-term, cold-tolerance 
tests. Procedural details and phenotypic 
responses are  summarized in a compan- 
ion paper (Behrends et al.  1990a). 
Individual weights of  fingerlings used 
in  cold tolerance and selection trials 
ranged from 2 to  90 g. Fingerlings were 
challenged by  slowly lowering water 
temperature from  14'C  (acclimation 
temperature) to S°C at a mean rate of 
1 'C.day-'.  Selection criteria were based 
on time (to  the nearest hour) and tem- 
perature (to  the nearest 0.1  "C) at loss 
of response to  stimuli due  to  cold nar- 
cosis. Mean cumulative degree hours 
(MCDH) to  an unresponsive state  were 
calculated for each population. MCDH 
is the sum total of degree hours below 
a set threshold (acclimation)  tempera- 
ture. e.g., 16'C.  For example, a fish held 
for one hour at 14'C,  would accumu- 
late two degree hours if  the threshold 
temperature was 16'C;  if held an addi- 
tional hour at 13OC, the sum would be 
(1  6-14)+(14-13),  or five degree hours, 
etc. 
Within populations, bidirectional se- 
lection was accomplished by selecting 
the most cold tolerant, i.e. those last 
to  lose responsiveness to  stimuli (upper 
10%) and the least cold tolerant, i.e., 
those first to  lose responsiveness (lower 
10%). Fifty to  sixty broodstock from each 
of the selected populations (up- and 
down-selected) were assortatively mated 
in  replicate earthen ponds. Control 
populations were recreated in each gen- 
eration by respawning the original pa- 
rental lines. Resulting offspring, con- 
sisting of  several thousands of each 
population,  were  cultured  for 
approximately three months, harvested in the fall and overwintered at  16OC. 
Two  hundred  randomly  selected 
fingerlings from each population were 
subsequently cold-branded (Myers and 
lwamoto 1986), stocked communally into 
replicate aquaria and subjected to a 
standardized cold-tolerance test. 
A second generation of bldirectlonal 
selection was also completed during the 
spring of 1990. Selection was accom- 
plished by retaining the upper 50% (1  00 
most cold tolerant) and the lower 50% 
(I00  least cold tolerant) of the selected 
fingerlings from the first  generation 
selection trial (see previous paragraph). 
Second generation selects and their 
respective control populations were 
assortatively  mated,  fingerlings pro- 
duced, overwintered, freeze-branded and 
subsequently subjected to a standard- 
ized long-term, cold-tolerance test. 
Realized heritability estimates for the 
First and second generations of selec- 
tion  were calculated based on the ratio 
response: selection differential (Falconer 
1981  ). Standard errors of the estimates 
were calculated for only the first gene- 
ration of  selection, due to  the limiting 
assumptions of  the formula (Prout 1942). 
Correlated Responses:  Gro wth 
at Suboptimal Temperatures 
0.  aureus and 0.  nihticus  Fingerlings 
used in this study were offspring from 
second generation select broodstock and 
appropriate controls. Fingerlings were 
mechanically graded by population to 
a mean weight of  approximately 2 g to 
eliminate, as much as possible, differ- 
ences in  initial weight. Fingerlings were 
randomly allocated by group to  aquarla 
and cultured for three contiguous 30- 
day trials at mean suboptimum tempera- 
tures of 17.2, 19.2 and 21  .Z°C, respec- 
tively.  Each temperature-group treatT 
ment was  replicated three times with 
20 fingerlings per replicate. 
All treatments  received a  salmon 
starter diet (50% crude protein) at 3% 
of body weight in equal morning and 
afternoon feedings.  Feed rates were 
adjusted biweekly based on the aver- 
age biomass of the fastest  growing 
group.  Water  management  was 
passthrough with a retention time of 5 
minutes. Thus,  with the exception of 
water temperature,  water quality was 
near optimum for realized growth po- 
tential. Fingerlings were weighed indi- 
vidually to the nearest 0.1 g at two- 
week intervals. 
Two-way analysis of variance and 
means separation tests were used to 
detect differences in growth rates and 
mean final weights (Barr et al.  1979). 
Main effects were species (0.  aureus 
vs. 0. niloticus) and selection criteria 
(up-selected vs. down-selected vs. con- 
trol). Where warranted, covariance was 
used to adjust final mean weights by 
initial weights. 
Results 
Reallzed Herkabiiity Estimates 
Table  1 summarizes cold-tolerance 
means, standard deviations, coeficients 
of variation and selection 'differentials 
for three base populations and their re- 
spective  bidirectionally  selected 
subpopulations.  Tables  2 and 3  sum- 
marize analogous data for progeny from 
select and control populations For 
generations I  and 11,  respectively. 
Based on a single generation of bi- 
directional selection, realized heritability 
estlmates were calculated according to 
the ratio response: selection differen- 
tial. The  ratio can range from -1.0  to 
1  .O.  Theoretically, O<h2<  1,  but there 
is no absolute limit for R/S: -m<R/S<+oo 
depending on experimental errors. 
The estimates and respective stand- 
ard errors, Lased on cumulative degree Table 1. Cold-tolerance parameters for three populations of tilapia (Oreochromb spp.) and selected 
subpopulations subjected to temperature declines of 1 'C.day.'.  Figures in parentheses indicate percentates. 
Mean lower'  Cumulative 
crltlcal  degree hours 
temperature  (OC)  (base 15°C) 
n  Selection 
Population  F  SD  CV  X  SD  CV  differential 
0. aureus 
Base  594  6.8  0.44  6.5  739  72.2  9.8 
Up-selected ( 10)  60  6.5  0.14  Z.l  844  13.8  1.6  +I05 
Down-selected ( 10)  56  7.6  0.52  6.8  593  72.3  12.2  -146 
0. nllotlcus 
Base  584  7.9  0.56  7.0  540  69.0  12.8 
Up-selected (1  0)  60  7.4  0.12  1.6  644  19.6  3.0  +I04 
Down-selected ( 10)  60  8.8  0.40  4.5  415  43.1  10.3  -125 
Red hybridb 
Base  603  7.8  0.71  9.1  552  97.3  17.6 
Up-selected (1  0)  60  7.0  0.46  6.6  698  19.6  2.8  +I46 
Down-selected ( 10)  60  9.0  0.69  7.7  366  68.9  18.8  -186 
'Temperature  at which fish lose responsiveness to stimuli due to cold narcosis. 
TF,  hybrld derlved from cross (red 0.  aureus x red 0.  nilotlcus). 
Table 2.  Cold-tolerance parameters for progeny from selected and control populations of tilapia 
(Oreochromls  spp.). 
Population 
Mean lower"  Cumulative 
critical  degree hours 
temperature (OC)  (base 15°C) 
n  Selection 
-  - 
x  SD  CV  x  SD  CV  response 
0. aureus 
Control  204  6.4  0.49  7.6  853.5  75.22  8.8 
Up-selected  189  6.2  0.59  9.3  888.7  85.48  9.6  +35.2 
Down-selected  208  6.4  0.72  11.3  847.6  114.99  13.6  -5.9 
0. nlloticus 
Control  198  7.1  0.64  9.1  715.1  91.39  12.8 
Up-selected  209  7.1  0.52  7.2  709.5  74.31  10.5  -5.6 
Down-selected  196  7.3  0.60  8.1  662.2  93.22  14.1  -52.9 
F,  hybridb 
Control  148  7.2  0.56  7.8  699.5  77.99  11  .I 
Up-selected  172  7.0  0.67  9.6  745.1  82.45  11.1  +45.6 
"Temperature at which flsh lose responsiveness to stlmull due to cold narcosis. 
b(  0. aureus x 0. nllotlcus). 
cDown-selects last to oxygen depletion in nursery pond. Table 3. Cold-tolerance parameters (rneanskSD) for progeny of  three poplrlatlons of tllapla (Oreodrmmb 
spp.)  after two gcneratlons of selection.'  Means wlthln columns followed by different letters are 
slgnlficantly different (Pc0.05). 
Population 
Mean lowerb  Curnulatlve 
crltlcal  degree hours 
temperature (OC)  (base 15°C) 
n 
x  SD  CV  x  SD  CV 
0.  aureus 
Up-selected  5  3  6.6a  0.63  9.5  1,043a  122.7  1 1.8 
Control  44  6.4a  0.63  9.8  1,089a  118.2  10.9 
Down-selected  42  6.4a  0.57  8.9  1,073a  113.9  10.6 
0.  niloticus 
Up-selected  46  7.2a  0.40  5.5  9ZOa  74.6  8.1 
Control  44  7.2a  0.45  6.2  906a  79.0  8.7 
Down-selected  SO  7.4b  0.61  8.2  853b  98.1  11.5 
Red hybrid (F-4)' 
Up-selected  5 1  7.2a  0.96  13.4  931a  148.0  15.9 
Control  50  7.la  0.57  8.0  927a  102.8  11.1 
Down-selectedd  49  7.3a  0.51  7.0  870b  85.3  9.8 
'Intensity  of selection In Generation I  is equal to 60/600; Generation 11  100/200. 
Temperature decreased 1  OC.day-' from  16°C to 5°C. 
'F,  hybrid derlved from cross (red 0.  aureus x red 0.  niloticus). 
dDown-selects derived From lower 50% of the previous up-selected generation. 
hours, are summarized  in  Table 4. 
Estimates For  up-selected populations 
(most cold tolerant) were: 0. aureus, 
0.33; 0. ni/otlcus, -0.05:  and F,  red 
hybrid. 0.31. Estimates for two down- 
selected populations were: 0. aureus. 
0.04; and 0.  niloticus, 0.42. 
Second generation selection results 
(Table 3) revealed that up-selection did 
not lead to  further improvements in cold 
tolerance  in  any  of  the  selected 
populations (P>0.05). However, signifi- 
cant responses were still evident in 
down-selected lines of 0. niloticus and 
the interspecific hybrid. 
These first-ever heritability estimates 
for cold tolerance in  tilapias indicate 
that at relatively high intensities of in- 
dividual selection, statistically signifi- 
cant responses can be obtained. How- 
ever, the magnitude and direction of 
the responses appear to  be species- or 
strain-specific. For instance, results in- 
dicate that selection may be useful for 
improving cold tolerance in 0.  aureus 
and its hybrids, but not in 0. niloticus. 
Conversely, relatively  cold-intolerant 
strains of 0. niloticus and the  interspecific 
hybrid  may be developed via down- 
selection, but not cold-intolerant strains 
of 0. aureus. 
Correlated Responses:  Gro wt/r 
at Suboptfmal Temperatures 
At rearing temperatures of  17.2"C, 
absolute  growth  rates  (geindivi- 
dual-'.monthm')  of  selected subpopu- 
lations of 0.  aureus and 0.  ni/oticus  were 
minimal, ranging from -0.04 to 0.29 
g.individual-'.month-' (Table 5). Although 
there was little divergence of growth 
rate among  selected subpopulations  at 
this temperature, it was apparent that 
growth of  0.  aureus, irrespective of se- 
lection criteria, was superior to 0. Table 4. Response to bldlrectlonal selection for cold tolerance in tllaplas (Oreochromls  spp.). Parameter measured was cumulative 
degree hours below accllmatlon temperatures (15-16°C). Standard errors calculated according to Prout (1962): 
teneratlon I  Generation Ild 
Standard 
Reallzed  error  Realized 
Selccrlon  hcrltablllty  (population  Selcctlon  herltablllty 
Population  dlfferentlal  RespOnSe  (R/S)  mean)  dlffcrentlal  Rcsponse  (RIS) 
0. aureus 
Up-selected  -1.  105  +35.2  0.33'  0.004 
Down-selcctcd  - 146  -5.9  0.04  0.007 
0.  nlloticus 
Up-selected  ,1104  -5.6  -0.05'  0.016 
Down-selected  -1  25  -52.9  0.42  0.004 
F,.,  hybrid 
Up-selected  +I46  i 
Down-selected  -1  86 
'Standard  error formula only applicable For  First generation  OF sclectlon. 
'100%  mortality In fingerling production phase. 
'Slgniflcant  response to selection. 
dDown-selects in Gcneratlon I1 derived From  lower 50% of the previous up-selected populatlori 
Table 5. Growth rate data For  selcsttd' populations of  tllapla (Oreochromls  spp.) cultured at suboptimal temperatures. Each mean 
based on chrec repllcates of 20 fish tach. Growth trials at each temperature rcglrne were conducted for 30 days. 
Initial  Flnal  Dlffercnccb  Initial  Flnal  Diffcrcncc  Initial  Flnal  DiFfcrcnce 
0.  aureus 
Up-selected  3.1 1  3.30  0.19a  3.30  3.65  0.35.1  3.65  4.71  1.06a 
Control  2.62  2.91  0.29a  L.91  3.17  0.26a  3.17  3.94  0.77b 
Down-selected  3.04  3.22  0.18a  3.22  3.40  0.18a  3.40  4.15  0.75b 
0.  ~IIO  rlcus 
Up-selected  2.99  2.95  -0.04a  2.95  3.12  0.17a  3.12  4.03  0.91a 
Control  3.08  3.17  O.09b  3.09  3.21  0.12~  3.23  3.72  0.49b 
Down-selected  2.99  3.09  0.10b  3.09  3.15  O.06a  3.20  3.77  0.57b 
'Bldlrectlonal  selection For  cold rolcrance applied for two gcncratlons (see text for details). 
'Means  followtd by a  dlWerent letter arc slgnlficantly dlfferent (Pc0.05): vcrtlcal comparisons wllhln species only 
niloticus. Similarly, 0.  aureus outper- 
formed 0.  niloficus at 19.2  and 2 1 .Z°C. 
This is in  contrast to growth perform- 
ance at higher temperatures (26  to 3Z°C), 
where 0.  niloticus generally grows faster 
than 0. aureus. 
Divergence of growth rates among selected 
populations within  species was weakly 
manifested at 19.2'C  (P>0.05),  but  readily 
apparent (k0.05)  at 21 .Z0C  (Table 5).  Results 
indicate that directional selection for  cold 
tolerance in  two species of  tilapia may have 
significantly influenced absolute growth rates 
at sulmptimal temperatures (k0.05).  However, 
in  several instances the results were un- 
expected. While there was no significant 
response to up-selecrion after two  generations 
in 0. ni/ot/cos(Table  4),  there was'a noticeable 
improvement in  growth rate of the upselected 
population at suboptimal growth temperatures 
(Table 5). Conversely, two generations of 
downward selection for cold tolerance resulted in  a subpopulation of  0. niloticus that was 
significantly less wld-tolerant than its respective 
control (Table 4). Despite this fact, growth 
rate at suboptimal temperatures was not 
significantly diminished by downward selection 
(Table 5). 
Dlscusslon 
lntraspecific differences in  cold tol- 
erance among geographically distinct 
strains have  been  reported  for  0. 
niloticus (Khater 1985).  The most north- 
erly distributed strain (Egypt 3  1  ON) was 
significantly more cold-tolerant than 
strains from Cbte d'lvoire  (lOON)  or 
Ghana (6ON). lntraspecific hybridization 
and backcrossing among  the Egypt and 
Cate d'lvoire strains revealed no sig- 
nificant heterosis (Tave et  al. 1990),  in- 
dicating that cold tolerance in  those 
populations is not controlled by domi- 
nant genetic  variance. Furthermore, clinal 
variation among  strains within a species 
(Khater  1985)  indicates:  (1)  an 
intraspecific component of  additive 
genetic variance and (2)  that natural se- 
lection has probably operated to  extend 
the range of certain Oreochromis species. 
Statistically significant heritability es- 
timates for cold tolerance in  tilapias 
(Table 4) provide further experimental 
evidence that cold tolerance is controlled 
by additive genes. Therefore, progress 
in either direction, upward or downward, 
should  be  possible  at  prescribed 
intensities of selection. The erratic and 
asymmetrical responses observed within 
and among species and hybrids during 
two generations of selection (Table 4) 
have many potential causes including: 
random drift, experimental error, selec- 
tion differential, inbreedlng depression, 
maternal effects, genetic asymmetry, 
genes  with  large  effects,  scalar 
asymmetry and indirect selection (see 
Falconer  1981  ). 
Responses to  selection in the first gen- 
eration were attained at relatively high 
levels of selection intensity, while re- 
sponses in the second generation were 
achieved at much  reduced  levels of 
selection intensity. Unfortunately, posi- 
tive gains made in cold tolerance in up- 
selected populations of 0.  aureus and 
its hybrid during the first generation of 
selection were lost during the second 
generation of selection. In contrast, rapid 
gains in down-selected populations were 
achieved in 0.  nilotlcus, irrespective of 
selection intensity. Such results may in- 
dicate that cold tolerance is  near a se- 
lection limit in these populations. Lack 
of  response to  up-selection in the sec- 
ond generation may have resulted from 
a combination of factors including: sam- 
pling  error,  selection  plateau, 
misidentification of freeze brands and/ 
or a relaxing of  the intensity of  selec- 
tlon. It should be noted that the selec- 
tion differential in the first generation 
was based on the upper and lower 10% 
of a base population consisting of 600 
individuals. However, selection differ- 
ential in  the second generation of 
selection was based on the upper and 
lower 50%  of  200  individuals/population. 
Thus the intensity of  selection in  the 
second generation was significantly less 
than that practiced in the first generation. 
It should be noted that many of the 
causes  for  lack  of  response  and 
asymmetry of response are exacerbated 
by small founding populations.  In  the 
US,  certain tilapia  populations were 
founded as early as 1957 with as few 
as five broodstock (R.O.  Smitherman. 
Auburn University, pers. comm.). Also 
many  of  the US  populations  have 
experienced  multiple  and  severe 
bottlenecks,  further  reducing genetic 
variance. Despite limited  phenotypic 
variance  among  several  tested 
populations (Behrends  et al. 1  !WOa), it was still  possible to elicit  selection 
responses. 
The positive correlated response be- 
tween cold tolerance and growth at 
suboptimal temperatures needs to be 
confirmed by further studies. Although 
strains up-selected  for cold tolerance 
grew Faster  than control and down- 
selected populations at suboptimal 
temperatures, the results in certain in- 
stances  were confounded by difFerences 
in  initial starting weights. Controlling 
differences in  initial weight among  test 
strains either by statistical blocking or 
mechanical grading is  important since 
even small differences in  initial weight 
can  mask  genetically  mediated 
differences in growth rate. 
Correlated responses to selection re- 
vealed that it may be possible to im- 
prove growth at suboptimal tempera- 
tures by  selecting for cold tolerance. 
From  a practical  standpoint, this may 
provide a marginal increase in the grow- 
ing season for temperate climates and 
allow overwintering at lower tempera- 
tures. From a technical standpoint, such 
a response indicates that indirect se- 
lection for cold tolerance may be possible 
by selecting for growth at suboptimal 
temperatures. From  a  logistical  and 
technical standpoint, this has important 
implications. Growth at suboptimal tem- 
peratures is an indirect measure of cold 
tolerance and is much easier to meas- 
ure than standardized cold-tolerance 
tests. Measurements of growth can also 
be monitored over longer periods OF 
tlme, with greater objectivity and pre- 
cision.  A  combination of  direct and 
indirect  selection could conceivably 
result in rapid gains. 
In conclusion, these studies have re- 
vealed several  important points that 
should be understood by others under- 
taking similar studies: (1) cold toler- 
ance is  a malleable physiological trait 
apparently controlled by  additive ge- 
netic variance; (2)  phenotypic expression 
is greatly influenced by acclimation his- 
tory; and (3)  within populations, geno- 
typic and phenotypic variances are 
relatively small. Cold-intolerant strains 
OF tilapla may be desirable for culture 
in  states or regions where there are 
restrictions against  importation of rela- 
tively  cold-tolerant strains (Kingsley 
1887). 
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Abstract 
Restriction endonuclease analysls of mltochondrial DNA (mtDNA) and isozyme analysls were 
used to characterize samples of three populations of Oreochromis niloticus: 0.n. nilotlcus (Lake 
Manzala, Egypt), 0.n. baringoensis (Lake Barlngo, Kenya) and a "selected" strain OF 0. nilotlcus 
derived from hybridization of  dlfferent strains of 0. niloticusoriginating from Lakes Turkana. Vlctorla, 
Baringo and Manzala. Samples of 0.  aureus and 0.  mossambicus were included for comparison. 
mtDNA was examined with 14 SIX-base  restriction endonucleases using ethidium bromide-stalning 
of 1 .OOh  agarose gel to study fragment patterns. OF  the 10 restriction endonucleases that cleaved 
rntDNA. only one (Dral) could discriminate among the three 0.  niloticus populations. Species- 
specificity of restriction endonucleases was shown by BgA, EcoRV and Pvull. 
lsozyme analysis was carried out at 10 enzyme loci that were known to be polyrnorphlc In  some 
0. niloticus populations. Results showed introgression of 0. aureus genes in  the "selected" straln 
of 0.  niloticus and in 0.n. niloticus. Llmltptlons of the two molecular  techniques  used In thls 
study are discussed. 
Tilapias are of  great importance in the 
tropics and subtropics as a cheap source 
of  animal protein. There has been wide 
distribution of tilapia species beyond 
their  native  range,  especially  for 
Oreochromls  niloticus  (Welcomme 
1981).  In  the Philippines, there are four 
strains of 0. niloticus that are presently 
used For aquaculture. The consequences 
and implications of introductions of 
"Present address:  Freshwater  Aquaculture Center. 
Central  Luzon  State  Unlversity.  Nueva  Ecija, 
Phillpplnes  31  20. 
tilapia to  Asia were extensively discussed 
by Pullin and Capili (1  988). 
The possibility of marking  these strains 
and other stocks of 0. niloticus from 
hatcheries, genetically and biologically, 
has  been  explored  by  means  of 
electrophoresis (Macaranas et al. 1986 
and unpubl. data). They revealed the 
introgression of 0.  mossambicus  into 
different stocks of 0.  niloticus. Strain- 
specific markers, however, have not  yet 
been identified. In  parallel with this effort, 
the use of morphometric and meristic 
characters was tried by Pante et al. ( 1988) 
using canonical discriminant analysis to 
find indices that could be used by 
culturists and field biologists. This technique can only discriminate species 
such as 0.  niloticus and 0.  mossambicus 
and not strains or closely related hy- 
brids. 
Although allelic data can sometimes 
discriminate among stocks, there are 
many instances in which electrophoresis 
fails  to identify genetically  discrete 
stocks. Such failures could be partially 
due  to  the insensitivity of the technique 
which reflects differences at the DNA 
level (Ferris and Berg 1987). 
It  has been recognized that restric- 
tion endonuclease analysis of  rntDNA 
is an attractive method for quantifying 
genetic  differences  among  fish 
populations. The use of this method with 
tilapias from  East Africa  has been re- 
ported by Seyoum and Kornfield (1992). 
Their success in identifying subspecies 
of  0,  niloticus prompted the present 
study, which aims to identiFy  specific 
diagnostic loci and mtDNA markers in 
three populations OF 0.  niloticus which 
are thought to  be highly inbred, but are 
widely used in genetic and aquaculture 
research on tilapia. The identification 
of such markers would be of value in 
monitoring contamination and hybridi- 
zation among these and other strains 
and species of tilapia. It  was also the 
aim of  this study to evaluate the use 
of  rapid and simple technique of  phe- 
nol  extraction of  mtDNA  and visuali- 
zation of  fragments on ethidium bro- 
mide-stained agarose gels for use un- 
der laboratory conditions in  the Phil- 
ippines. 
Mattrlals and  Methods 
The three populations of 0. niloticus 
used in this study were: 0.n.  niloticus, 
origin  Lake  Manzala,  Egypt:  0.n. 
baringoensis, origin Lake Baringo, Kenya: 
and a "selected" strain of 0.  niloticus 
strains of 0. ni/oticus from Lakes Turkana, 
Victoria,  Baringo  and  Manzala. 
Fingerlings from two families of  0.n. 
baringoensis and three families each of 
0.n.  niloticus and the "selected" strain 
of  0. niloticus were reared  For  four 
months in  a  recirculating water tank 
system. Stocks of  O.  aureus and 0. 
mossambicus were originally obtained 
from Kenya and Zimbabwe, respectively. 
Liver and muscle tissues were used 
For  isozyrne analysis. The enzyme loci 
Adh, Ck-3,  Gpi-1, Ga-3-pdh, Sdh, Sod, 
Mdh-I, Mp-3  and Mp-7  that had been 
observed to be polymorphic by  Taniguchi 
et  al. ( 1985)  and Macaranas et  al. ( 1986) 
in 0.  niloticus were elcctrophoretically 
analyzed in this study. Ada which was 
found to be polymorphic by McAndrew 
and Majumdar (1  983) in Sarotherodon 
and Oreochromis species was also in- 
cluded in the analysis. lsozyme meth- 
ods  were based on the work of Taniguchi 
et  al. ( 1985)  and Macaranas et  al. ( 1986). 
Mature ovarian tissue or liver was iso- 
lated from four to six individuals from 
each family for mtDNA extraction. The 
methods of mtDNA purification are based 
closely on those described by Fisher and 
Skibinslti  ( 1990). Mitochondria  were 
prepared by differential centrifugation 
from tissue homogenized with a polytron 
mechanical  homogenizer.  A phenol/ 
chloroform extraction procedure incor- 
porating a CTAB step was used to pu- 
rify rntDNA. 
mtDNA digestion was carried out uslng 
the conditions recommended  by  the 
supplier (Bethesda Research Laborato- 
ries, Harthersburg, Maryland). 
Restriction endonucleases used in this 
study were: Apal, BamM, BcA, BgA, BgAl, 
BstEI I, Dral, Ecofl, EcoRV, Hind  l I.  Ndel. 
Pstl, Pvull and Xbal. 
Restriction fragments were separated 
by horizontal electrophoresis in a 1 .O% 
agarose gel which was then stained with 
derived from hybridization of different  ethidium bromide. Tris acetate buffer (0.4  M Tris Base; 0.2 M Na acetate; 0.02 
M  EDTA:  0.18 M  NaCI; and pH 8-05) 
was used for gel and electrode buffers. 
Hindlll-digest of Lambda DNA was used 
as  the  molecular weight standard on all 
gels. Electrophoresis was carried out for 
four to  Five hours with current of 75 mA. 
Gels were illuminated with short wave- 
length UV  light (260 nm) and photo- 




In Table 1,  alleles are  designated with 
capital letters and the fastest migrat- 
ing allele is  designated as A. Allelic 
expressions For  Adh, Mdh-1 and Ada 
loci that were Found polymorphic in the 
three populations of 0. niloticus are 
shown in  Fig.  1. The banding pattern 
for the  reference 0.  niloficus strain was 
obtained from Macaranas et  al. (1986). 
Tissue samples from 0. aureus  and 0. 
mossarnbicus  were run side by side with 
the  samples  of 0. niloticus  to  see clearly 
the  allelic expression diFFerences among 
species of Oreochromis. Although the 
number of samples  from 0.  aureus  and 
0. mossambicus were very small, the 
gene frequencies obtained from this 
study and the  work of Macaranas et  al. 
(unpubl. data) were similar. Gene he- 
quencies for the  seven protein loci ob- 
served in  the three populations of 0. 
niloticus, 0. aureus and 0. mossam- 
bicus, and the results from Macaranas 
et  al. (1986)  are shown in Table 2. 
Restriction Endonuclease Analysis 
of mtDNA 
Of  the 14 restriction endonucleases 
used, four did not cleave the mtDNA 
genome (Apal, Bstel, BamM and BgAl). 
In  the work of  Seyoum and Kornfield 
( 1992),  Apal-digested mtDNA yielded 
fragments which discriminated subspe- 
cies of 0. niloticus. It is  possible that 
in  this study, impurities remaining in 
mtDNA preparations inhibited this en- 
zyme. 
mtDNA fragment patterns  yielded by 
digestion with Dral, BgA, EcolW and Pvull 
are shown in  Fig.  2. Variation  among 
the three families of the "selected" strain 
of 0.  niloticus  was observed in the  frag- 
ment patterns of mtDNA digested with 
Dral. Families 1 and 2 of the "selected" 
strain share the same three restriction 
fragments with all the  three families of 
0.n. niloticus, whereas Family 3 shares 
the same fragment patterns with the  two 
families of O.n. baringoensis. 
Table  1. Llst  OF  enzymes and  proteins  investigated  In  strains  of  Oreochrornis niloticus, 0. aureus 
and  0. mossambicus. 
Enzymes and proteins 
Alcohol dehydrogenase (ADH) 
Creatine kinase (CK) 
Glucose phosphase isomerase (GPI) 
Glyceraldehyde-3  phosphate 
dehydrogenase (GA-3PDH) 
Sorbltol dehydrogenase (SDH) 
Superoxide dismutase -(SOD) 
Malate dehydrogenase (MDH) 
Adenosine deaminase (ADA) 
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Flg.  1. mtDNA fragment patterns yielded by digestion with (a) Dral (lanes 1  and 2 are two 
fragment patterns from three famllies of the *selected" strain [sell; lane 3 Is the fragment 
pattern of 0.n. baringoensis [Onb]: lane 4 is the fragment pattern of 0.n. nllotlcus [Onn]; 
and lane 5 is the standard which is a Hlndlll-digest OF Lambda DNA): (b) Bg~l  and (c) EcoRV 
(lanes  1  to 3  are  the fragment  patterns for  all families from "selected"  strain  [sell,  0.n. 
~!?arlngoens/s  [Onbl and  0.n. niloticus [Onn];  lanes  4 and  5  are  fragment  patterns of 0. 
aureus [Oa] and 0. mossambicus [Om], respectively; and lane 6 is a standard Hhdlll-digest 
of Lambda DNA); and (d) Pvull (lanes I  to 3 are the fragment patterns for all fatnllies from 
"selected" strain [sell, 0.n. barlnpensls [Onb] and 0.n. nlloticus [Onn]; lane 4 Is the frag- 
ment pattern of 0.  aureus  [Oa];  and lane 5  is  the standard  which is a Hlndlll-dlgest of 
Lambda DNA). Table 2.  Gene frequencles at seven protein loci in Oreochromis spp. 
0.  niloticus  0. aureus  0. mossamblcus 
Locus  Allele  Reference  "Selected"  0.n.  0.n. 
of  Macaranas  strain  barlngoensis  niloticus 
et al. (1986)  (27)  (12)  (24)  (3)  (1) 
Adh  A  0  0.042  0  0.426  1 .OOO  0 
B  1.000  0.958  1 .OOO  0.574  0  1  .OOO 
Ck-3  A  0  1.000  1  .OOO  1.000  1 .OOO  0 
B  1.000  0  0  0  0  1  .oo 
Ga-3-pdh  A  1,000  1  .OOO  1  .OOO  1.000  1.000  0 
B  0  0  0  0  0  1 .ooo 
Gpi- 1  A  0  0  0  0  0  1.000 
B  1  .ooo  1  .ooo  1.000  1  .ooo  1  .ooo  0 
Sod  A  1.000  1 .OOO  1  .OOO  1 .OOO  1  .OOO  0 
B  0  0  0  0  0  1  .ooo 
Mp-3  A  1 .OOO  1  .OOO  1.000  1.000  1.000  0 
B  0  0  0  0  0  1.000 
Ada  A  0.020  0 
B  0.140  0.265 
C  0.240  0.647 
D  0.300  0 
E  0.300  0.044 
F  0  0.044 
Fragment patterns of mtDNA digested 
with BgA show  no  variation among fami- 
lies and among the three populations 
of 0. niloticus. There were four restriction 
fragments observed for this species, 
whereas in the other reference species, 
two restriction fragments were observed 
in  0.  aureus  and  three  in  0. 
mossambicus. The total summed approxi- 
mate sizes of restriction fragments For 
0. niloticus populations, 0.  aureus  and 
0.  mossambicus were 13.8 kb, 9.4 kb 
and 13.0 Itb, respectively. The total Frag- 
ment size of 0. aureus was very small 
as compared to the fragment sizes of 
0. niloticus and 0. mossarnbicus. 
Kornfield and Bogdanowicz (1  987)  have 
the same observation when they used 
ethidium bromide-staining  in  their at- 
tempt to  differentiate mtDNA in Atlantic 
herring  (Clupea  harengus). This could 
likely be due to  the presence of  small 
fragments which could not be visual- 
ized  on the agarose gel stained with 
ethidium  bromide. Another possible 
explanation is that some bands reflected 
doublets, that is, two co-migrating frag- 
ments of  identical sizes. 
Restriction fragments  yielded by EcoN 
and Pvull  digests show no variation 
among families and populations of 0. 
niloticus. However, variation was ob- 
served among the diFFerent  species of 
Oreochrornis. 
Other restriction endonucleases BcA, 
EcoRV,  Hindlll,  Ndel, Pstl  and Xbal 
yielded  invariant patterns across all 
species. 
Dlscusslon 
In  this study, protein electrophoresis could 
not easily discriminate among populations 
of 0.  nilot/cus. However, differences among 
three species of  Oreochromis  were observed 
from the gene frequencies obtained from 
six enzyme loci (Adh, Ck-3, Ga-3-pcih. Gpi- 
1, Sod  and Mp-3). Most of  the enzyme 
banding patterns were identical  For  0. 
niloticusand 0.  aureus, but different between 
these two species and 0. mossambicus, Adh  (Liver) 
+ 
Mdh  (Muscle) 
+ 
-  WB  A/B  A/A  \WE (A/B\A/A 
Populations of  0.  ni/oticus  I  On  ,  Om  I  Oa 
Ada  (Muscle) 
+ 
1-  I 
A/E%B/C 'ID  c/c  '4 '/F  D/E  F/F 
Populations of 0.  nilorlcus  I 
ig. 2. Allelic expression  for three polymorphic loci observed in three population 
of 0.  ni/atlcus (On); 0. aureus (Oa):  and 0.  mossambicus (Om);  the reference 
0. nlloticus (On)  strain obtalned from the work of Macaranas et dl.  (1  986) 
is included In the dlagram. Note that for the  Ada locus, allelic expression 
for the reference 0.  nlloticus strain of  Macaranas et al. (1986)  is not avail- 
able. 
of 0. nlloticus studied 
here are polymorphic at 
the Adh locus. This sug- 
gests the possibility of 
introgression  of  0. 
aweusgenes  into  these 
two populations of  0. 
niloticus. 
Restriction fragment 
patterns  of  mtDNA 
cleaved with  BgA  and 
EcoAV were observed to 
be  different  among 
species of Oreochromis. 
There was no evidence 
of  introgression  of 
mtDNA which contrasts 
with the results for Adh. 
This points to  a potential 
limitation  of  mtDNA 
analysis in stock identi- 
fication and monitoring. 
The technique cannot, by 
its nature, be  informative 
about nuclear contami- 
nation. The results for 
Dral provide evidence of 
rntDNA variation within 
0. niloticus. The families 
of the selected strain 
share restriction patterns 
possessed  by the two 
other populations, 0.n. 
baringoensis and 0.  n. 
nlloticus. With data on 
only a limited number of 
families, it is difficult to 
draw  conclusions about 
the  ancestry or phyloge- 
netic relationships bet- 
ween these  populations; 
however, it is of  interest 
that the  selected strain, 
which may have a hete- 
except for Aclh, where 0. niloticus and 0.  rogeneous ancestry, possesses two  different 
rnossambicusshare the  same  pattern (allele  Dral genotypes. 
A) and 0. aureushas  allele B (Table 2).  Thus.  This study shows that mtDNA geno- 
the 0.n.  niloticusand the "selected" strain  types can be found For  genetically marking different populations within a 
species or even different strains within 
a family, as with the selected strain in 
this study. Thus, mtDNA techniques may 
have some uses in aquaculture. Because 
of the mode of inheritance of mtDNA, 
it is likely that families will be Fixed for 
specific rntDNA genotypes in circums- 
tances in which isozyme variation is still 
segregating. Thus, it may be. easier So 
develop mtDNA than lsozyme markers 
within strains. 
In  summary, results obtained in this 
study showed that phenol extraction of 
mtDNA and visualization of restriction 
fragments on an ethidium  bromide- 
stained agarose gel is feasible in these 
tilapia  species. Although only a few 
restriction endonucleases cleaved the 
mtDNA, this gave informative  results 
and diagnostic mtDNA  markers were 
identified among  species of Oreochromis 
and among populations of 0.  niloticus. 
Further investigations using similar tech- 
niques and more restriction endonu- 
cleases should be tried. 
Acknowledgements 
We  thank C. Fisher, M. O'Connell and 
C. Hurst for their valuable technical ad- 
vice; E.  Roderick, S. McConnell, C. Gilllng, 
C.  Pongsri and T.  Abella for their as- 
sistance in  the collection of fish sam- 
ples; and the Overseas Development Ad- 
ministration for the research grant to 
Prof.  J.  Beardmore and Drs.  D.O.F. 
Skibinski and G.C. Mair. The British Coun- 
cil is gratefully acknowledged for a schol- 
arship grant to  1.6.  Capili. 
References 
Ferris, S.D.  and W.J. Berg.  1987. The  utillty of 
mitochondrial DNA in genetics and fishery 
management, p. 277-299. In N. Ryman and 
F. Utter (eds.) Population genetics and fishery 
management. Washington Press, Seattle, WA. 
Fisher, C.  and D.O.F.  Skibinski.  1990. Sex-biased 
mitochondrial DNA heteroplasrny in the marine 
mussel Mytilus. Proc.  R.  Soc.  Lond.  (I3  Biol. 
Sci.) 242: 149-1  56. 
Kornfield, I. and S.M. Bogdanowicz.  1987. DifFer- 
entiation of  rnitochondrial DNA in  Atlantic herring 
Clupea harengus. Fish Bull. Calif. Dep. Fish Game 
85(3):121-128. 
Macaranas, J.M.,  N. Taniguchi, M.J.R. Pante, J.B. Capili 
and RS.V. Pullin. 1986. Electrophoretic evidence 
for  extensive hybrid gene introgression into 
commercial Oreochromis niloticus (I.) stock 
in the  Philippines. Aquacult,  Flsh.  Manage. 
17:249-258. 
McAndrew, B.1.  and K.C.  Majumdar.  1983. Tllapla 
stock identification uslng electrophoretic markers. 
Aquaculture 30:249-261. 
Pante, M.J.R..  L.J. Lester and R.S.V.  Pullin. 1988. A 
preliminary study on the use of canonical dis- 
criminant analysis of rnorphornetric and meristic 
characters to Identify cultured tilapias, p. 251- 
257. In R.S.V.  Pullin,  T. Bhukaswan, K. Tonguthal 
and J.L. Maclean (eds.) The Second Interna- 
tional Symposium on Tilapia in Aquaculture. 
ICLARM Conf. Proc. 15, 623 p. 
Pullin.  R.S.V,  and J.B. Capili.  1988. Genetic im- 
provement of tilapias:  problems and pros- - 
pects,  p. 259-266.  In R.S.V.  Pullln,  T. 
Bhukaswan.  K. Tonguthai and J.L. Maclean 
(eds.) The Second International Syrnposlurn 
on Tilapia in  Aquaculture. ICLARM Conf. Proc. 
15, 623 p. 
Seyourn. S.  and I. Kornfield. 1992. Identlflcatlon of 
the subspecies of Orenchromis niloticus (Pis- 
ces: Cichlidae) using restrlctlon endonuclease 
analysis of mitochondrlal DNA.  Aquaculture 
102(1/2):29-42. 
Taniguchi, N., J.M.  Macaranas and R.S.V.  Pullin. 1985. 
lntrogressive hybrldlzation in cultured tilapia 
stocks in the Phlllppines. Bull. Jap. Soc. Fish. 
Oceanogr. 5: 12 19- 1224. 
Welcornrne. RL. 1981. Register of international transfers 
of inland Fish species. FA0  Flsh. Tech. Pap. 213. 
120 p. Triploidy Induced  by Heat Shock in  Qreochromfs nureus 
S.L. CHANG 
Tungkang Marine Laboratory 
Taiwan fisheries Research Institute 
Tunglkmg, Pingtung,  Taiwan 
I.C. LIAO 
Taiwan Fisheries Research Institute 
199 Hou-Ih Road,  KeeIung, Taiwan 
CHANG, S.L. and I.C. LIAO. 1996. Trlploldy induced by heat shock in Oreochrornb aureus, p. 273-279. In 
R.S.V.  Pullin, j.  Lazard, M.  Legendre,  J.B. Arnon  Kothias and 0.  Pauly  (eds.) The Third International 
Symposlurn on Tilapia in Aquaculture. ICLARM Conf. Proc. 41, 575 p. 
Abstract 
Optlrnum conditions were sought for induction of trlploidy by heat shock in tilapia. Oreochromis  aureus. 
Trlplolds were Identifled using kayological techniques that detected metaphase chromosomes in the tail 
epltheliai cells of larvae. Heat shock treatment at 41 'C  gave 100% triploidy when started at the zygotic age 
of 3  minutes and applled For  4  minutes.  Higher  percentages of triploidy were  produced at higher 
water  temperatures at  short duration times  in a  range of heat shock  treatments  (40-43°C) applied 
for  2-8  minutes at  the zygotic age  of  3  minutes.  No  triploidy  was  Induced when  heat shock 
treatment was  conducted at  the zygotic age of 7  minutes or at  a temperature of 39°C wlthln a 
duration  of 8 minutes. To produce 100%  triploidy in 0.  aureus. heat  shock  treatment  should  be 
conducted at  the zygotic age of 3  minutes,  temperatures of 40 or  41°C.  and with durations of 8 
or  4  minutes, respectively. 
lntroductlon 
Triploidy in Fish  leads to  functional ste- 
rility (Gervai et  al. 1980;  Wolters et  al. 1982; 
Don  and Avtalion  1986). Fish  sterility is 
potentially profitable in aquaculture espe- 
cially in precocious species with high re- 
productive capacities. A high reproductive 
capacity can lead to overstocking in  fish- 
ponds, which may have negative impacts 
on  growth  and  survival.  The  higher 
heterozygosity of triploid fish may enhance 
growth (Stanley et  al. 1  984.; Thorgaard 1986: 
Scheerer and Thorgaard 1987). 
Triploidy in  tilapias has been reported 
by Valenti (1  975),  Chourrout and ltskovich 
(1983), Don and Avtalion (1986, 1988a), 
Penman et  al. (1  987.3, l987b), Pandian and 
Varadaraj (1988) and Mair et al.  (1991a, 
199  1  b). Although induction of  1000/0  triploidy 
had been reported, results have not been 
consistent. The question remains as to  the 
suitable zygotic age for  induction.  In 
the  present study, the relationships between 
heat shock intensity, zygotic age  and du- 
ration of treatment for induction of  triploidy 
in  Oreochrornis a ureus were investigated. 
Materlals and  Methods 
The study was  conducted at  the  Tungkang 
Marine Laboratory, Taiwan Fisheries Research 
Institute. Four fiber-glass aquaria with a water 
capacity of  0.35 t  (1.2~0.6~0.6  m) were 
used as  breeding tanks. Each aquarium con- 
tained three females (395.t  1 13 g mean body 
weight) and one male (500-700 g body 
weight). The premnxillae of  the males were 
removed to prevent injury to the female 
during courtship as  suggested by Lee  (1  979). 
The water was kept clean  by pumping it through a Alter. Observations were made 
through the glass of the aquaria. Eel  feed 
containing 44% crude protein was given 
two to three times per day. The experiment 
was conducted under natural photoperiod 
(1  2L: 1  2D). 
Artificial fertilization was conducted using 
the  methods of Rothbard and Pruginin (1  975). 
The eggs obtained from one female was 
mixed with 0.6-1 .O  ml of sperm. After shaking 
the mixture of eggs and sperm several times 
manually,  about 50 ml  of  underground 
freshwater at 30°C was added to activate 
the sperm. This was considered to be the 
start  of  fertilization.  The  eggs  were 
immediately divided among 10 plastic 
bowls, and the contents of  each poured 
into a plastic tube (6 cm length and 4 
cm  diameter) sealed at one end with 
a 0.8 mm mesh net. The tubes were put 
into  an  incubation  chamber  at  a 
constant  water  temperature  of  30°C 
until the time of the heat shock treatment. 
According to the experimental design 
(Table I), the suitable zygotic ages for in- 
duction of triploidy were determined first 
in Trial  I.  Then, durations of 2, 4, 6,  and 8 
minutes ofvarious heat shock temperatures 
were used in Trials 2 to 6. The plastic tube 
containing the eggs was put directly into 
another incubation chamber for heat shock 
treatment. After the treatment, the tube 
was put back directly into the original in- 
cubation chamber with a water tempera- 
ture of  30°C. Every treatment was dupli- 
cated. 
After counting, the eggs  were incubated 
in  a plastic soda bottle using recirculated 
underground water. The survival rate of the 
yolksac larvae (fifth  day) was calculated. 
No disinfection treatments were used. 
Identification of metaphase chromosomes 
was modified From the methods of ICligerman 
and Bloom ( 1977),  Chourrout and Itskovich 
( l983),  and Baksi and Means ( 1988).  Three- 
to eight-day old larvae were put into a 50- 
or 100-rnl beaker containing 10  ml of 0.03- 
0.05% colchicine for 2-4 hours. The tail part 
Table  1. Summary  of  the  experimental  condl- 
tions  and  treatments  used  to  investigate  heat 
shocking  of  Oreochromis  aureus eggs for  pro- 
duction of  triploid  larvae. 
Heat  shock 
Temperature  Zygotic  age  Duration 
Trial  (OC)  (minute)"  (minute) 
'AFter  artificial  fertilization. 
of the larva was cut off and put in distilled 
water For  2 hours. After removing the distilled 
water, the tissue was Fixed for more than 30 
minutes in  a mixture of  three parts methyl 
alcohol and one part acetic acid. It was then 
placed in  50% acetic acid and stroked with 
the flat  side of  a  forceps to Form  a  cell 
suspension. The cell suspension was extracted 
with a pipette and dropped on to  a prewanned 
slide. A cell ring was formed on the slide 
after  the solution (SOOIo  acetic acid) was 
removed. The slide was then air dried for one 
day after which the slide was stained in 6% 
Giemsa for  1 hour and air dried again. For 
every treatment, 20-30 larvae were Idled for 
preparations  to  identiFy  metaphase 
chromosomes. Two cell rings per larva were 
made on each slide. 
Results 
SurvIvaI  of Yolksac Larvae 
and fnduction of  TrlpoIdy 
by Heat Shock  of  41"  C at Djfferent 
ZygotIc  Ages 
Trial I. The survivals of the yolltsac larvae 
induced at 41  "C lasting for 4 minutes at the 
zygotic ages of  I,  3, 5, and 7 minutes were 
54, 74, 55 and 93%. respectively,  in  com- 
parison with the control group (Table 2).  There were no significant differences (b0.05)  be- 
tween the survivals after a heat shock treat- 
ment beginning at the zygotic age  of  7 min- 
utes (60%)  and the control group (65%). Al- 
though the survival rate of yolksac larvae From 
eggs that had a heat shock treatment begin- 
ning at  the zygotic age  of  7 minutes was highest 
among  these treatment groups, no  triploidy 
was induced. Triploidies 0f93, 100 and 80% 
were obtained by heat shock treatment aHer 
fertilizntion of  1. 3, and 5 minutes, respec- 
tively. There was no  difference  (xZ=0.7,  b0.05) 
between heat shock treatment at  the zygotic 
ages of 1 and 3 minutes, but a significant 
difference (x2=3.9  1, Pc0.05) was found be- 
tween heat shock treatments at the zygotic 
ages of 3 and 5 minutes. 
Because induction of triploidy was highest 
at 3 minutes after fertilization in Trial  1 and 
because this time was sufficient to  put the 
eggs in the bowls and tubes after fertiliza- 
tion, the zygotic age of 3 minutes was chosen 
for subsequent  trials with different heat shock 
temperatures and durations. 
Survival of Yolksac Larvae 
and Induction of Triploidy 
by Different Heat Shock 
Temperatures and Durations 
Trial 2. The survivals of the yolksac Iar- 
vae from eggs that had a 39'C  heat shock 
treatment beginning at  a zygotic age of  3 
minutes for 2, 4, 6, and 8 minutes dura- 
tion were 58,47,3  1 and 7001'0, respectively, 
in comparison with controls (Table 3). No 
triploidy was induced in  this trial. A heat 
shock treatment of 39OC  for 8  minutes could 
not restrain the release of the second po- 
lar body in  meiosis ll. 
Trial 3. The survivals of the yolksac Iar- 
vae from eggs that had a 40°C heat shock 
treatment at a zygotic age of  3 minutes 
for 2, 4, 6, and 8 minutes duration were 
91.66, 59 and 9  1%  (Table 4),  respectively, 
in comparison with controls. Triploidies of 
4, 50, 94 and 100% were obtained at 
durations of 2,4,6  and 8  minutes, respec- 
tively. There was no significant difference 
among  the percentages of induced triploidy 
at  a duration of  2 minutes and the control 
group (xZ=l  .4, P>0.05), 6 minutes and 8 
minutes (xZ=0.04,  b0.05). 
Trial 4. The survivals of the yolksac lar- 
vae from eggs  that had a 41 'C  heat shock 
treatment at  a zygotic age  of 3 minutes at 
durations of 2, 4, 6, and 8 minutes were 
90, 84, 8 and I0h, respectively (Table 5), 
in comparison with controls. No triploidy 
was induced at a duration of  2 minutes; 
100%  triploidy was obtained at  a duration 
of 4 minutes. No yolksac larvae survived 
at  durations of 6 and 8  minutes for exami- 
nation of  chromosomes. 
Table 2. Survival and percent triploids of Oreochrom/s  aureus yolksac larvae from eggs 
subjected to heat shocks (of 4 minutes duration at 4I0C),  applied at various time inter- 
vals aHer fertilization (Trial 1). 
Yolksac  larvae 
Survival  Diploidy  Triploidy 
Duration  of  No.  of 
heat shock  Initial  %of  fish 
(minute)'  no.  No.  %  control  sampled  No.  %  No.  % 
Control  152  99  65  100  20  20  100  0  0 
1  161  57  35  54  30  2  7  28  93 
3  261  125  48  74  26  0  0  26  100 
5  228  81  36  55  30  6  20  24  80 
7  199  120  60  93  29  29  100  0  0 
"After artificial fertilization. Trial 5. The survivals of the yolksac lar- 
vae from eggs that had  a  42°C heat 
shock treatment at a  zygotic age of  3 
mlnutes at durations of  2  and 4 min- 
utes were 76 and 49% (Table 6), respec- 
tively, in comparison with controls. Triploidies 
of 18 and 97% occurred at durations of 2 
and 4 minutes, respectively. No yolksac larvae 
survived at durations of 6 and 8 minutes 
for examination of chromosomes. 
Trial 6.  A survival of 7 1  Yo  observed for 
yolltsac larvae (Table 7) was obtained 
in  comparison with controls and there 
was 100% triploidy after a  heat shock 
treatment of  43°C  at a  zygotic age of 
3 minutes, wlth a duration of 2 minutes. 
No yolksac larvae survived in  the other 
heat shock treatment groups  for examina- 
tion of chromosomes. 
Dlscusslon and  Conclusions 
Triploidy of 100%  was obtalned by heat 
shock treatment lasting for 2 mlnutes at 
43°C at a zygotic age of  3 minutes, but 
there was a lower percentage of triploidy 
by heat shock treatment at 4042°C  at  the 
same duration. At 40°C, a longer duration 
of 8 minutes was needed to  obtain 100% 
triploidy. These results suggest that the for- 
mation of microtubules was interrupted by 
the shorter time with the higher tempera- 
ture or  by  the longer time with  lower 
Table 6. Suwlval and percent trlplolds of Oreochmmis aureus yolksac larvae from eggs 
subjected to heat shock (42°C  at 3 minutes after Fertilization) of various duration times 
(Trlal 5). 
Yolksac  larvae 
Survival  Diploldy  Triploidy 
Duration  of  No. of 
heat shock  Initial  % of  flsh 
(minute)'  no.  No.  %  control  sampled  No.  %  No.  % 
Control  152  58  38  100  18  18  100  0  0 
2  141  41  29  76  28  23  82  5  18 
4  177  33  19  49  29  1  3  28  97 
6  139  0  0  0  0 
8  1 54  0  0  0  0 
"After artificial fertilization. 
Table 7. Survival and percent triploids of  Oreochromls aureus yolksac larvae from eggs 
subjected to heat shock (43°C at 3 mlnutes after fertilization) of various duration times 
(Trlal 6). 
Yolksac  larvae 
Survival  Dlploldy  Trlploldy 
Duration  of 
heat shock  Initial 
No. of 
%of  fish 
(minute)'  no.  No.  %  control  sampled  No.  Oh  No.  % 
Control  135  34  25  100  20  20  100  0  0 
2  167  30  18  7  1  25  0  025100 
4  139  0  0  0  0 
6  162  0  0  0  0 
8  169  0  0  0  0 
'After  artificial Fertlllzatlon. temperature, thus in each case causing the 
metaphase chromosomes  that stayed on the 
equator plate of  the  cell to  fail to  separate. 
Diploidy was only obtained completely when 
heat shock treatment was started at the zy- 
gotic age  of 7 minutes. On the other hand, 
the second polar body of the egg was re- 
leased completely after 7 minutes of ferti- 
lization. These observations do  not match 
those of Valenti (1  975)  who  also produced 
triploidy in 0.  aureus after 15  minutes of 
fertilization when the eggs were incubated 
at 32°C. Don and Avtalion (1988a) found 
that triploidy using cold shock treatment 
( 1  1  "C  For 60 minutes) could be induced within 
a wide range of  zygotic ages (0-1 5 minutes), 
but the induction  of  triploidy using heat 
shock was possible only within a  nar- 
row range of  zygotic ages: 2.5-3.5 and 
3.5-4.5 minutes for  0.  aureus and 0. 
n/loticus, respectively. These inconsistent 
results are hard to explain. 
In  the present study, survival of yolksac 
larvae was higher in  the 100 and 0% 
triploid  groups for which  heat shock 
treatment was started at the zygotic 
age of  3 and 7  minutes (Table 2). This 
suggests that the embryos were more 
tolerant  to temperature  shock when 
the second polar  body  was retained 
or released completely.  Except  in  the 
2-minute duration group, the same result 
was obtained in Trial 3 (Table 4). 
The identification of ploidy in tilapias using 
karyological techniques has been widely 
used (Chourrout and ltskovich 1983;  Myers 
1985; Don  and Avtalion  1986, 1988a; 
Pandian and Varadaraj 1988). In diploidy, 
there are two distlnct marker chromosomes 
much larger than the others. On the other 
hand, it is  quite easy to identify triploidy 
From rnetaphase chromosomes-it  has three 
larger chromosomes in comparison with the 
others. The tissues commonly used for the 
examination of  chromosomes are the em- 
bryo, larval tail, gill and kidney. Although 
pigmented tilapia embryos should have 
abundant metaphase chromosomes  due  to 
a lot of cell cleavage, it is dificult to  sepa- 
rate the tail bud and yolk. Furthermore, yolk 
particles can easily contaminate the slide. 
A longer time would be needed to  rear fry 
if the gills and kidneys were to be used for 
examination of chromosome. Undoubtedly, 
using the tail  part of three- to eight-day 
larvae is the most convenient and effective 
method for identification of ploidy. 
Mass production of triploids by  reten- 
tion of  the second polar body in  tilapias 
would not be profitable because only a few 
eggs could be squeezed out per spawning 
female. Moreover, the spawning time is 
difficult to  control. The production of  ster- 
ile  triploidy  by establishing tetraploid 
broodstock with suppressed first cleavage 
and crossing with diploids may be a po- 
tential way to overcome thls problem as 
suggested also by Chourrout et  al. ( 1986) 
and Don and Avtalion (1  98813). 
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Abstract 
Effects  of presence/absence  of a  spawning substrate,  and of temperature  and water  quality 
changes on seasonal fry  production by Tilapid  rendalli broodstock, were investigated from 29 December 
1989 to 19 February  1991 (416 days) in tanks at the National Aquaculture Center, Domasi, Malawi. For 
each of the two treatments (with vs. without substrate). four  5-rn3 tanks were stocked with  T.  rendalli 
broodstock of similar mean size (35.8-44.2 g).  Fish produced batches of  sticky eggs which adhered strongly 
to side and bottom walls of cement tanks. Fry production was not significantly different between treatments 
(P>O.OS, one-way ANOVA; n=81). Fry production was highly seasonal, with little or no fry production from 
3 July  to  25 September 1990 when minimum water temperatures dropped below 20°C. A multiple regression 
on fry production as the dependent variable was significant (Pc0.05:  n= 136)  with broodstock weight, temperature. 
dissolved oxygen and Secchi disk visibility (all positive regression coefficients) and substrate (negative 
coefficient) (as a dummy variable). Temperature was  a highly significant  positlve predictor of fry 
production (P<0.01:  n=136). 
Introduction 
Tilapia rendalli is  one of the most im- 
portant cultured indigenous fishes in rural 
areas of  central  and  southern Africa 
and has good potential for smallholder 
aquaculture where vegetation is  avail- 
able for  feeding  (Pullin  1982,  1988; 
Chikafumbwa and Costa-Pierce  1992). 
In Mala\;iri, its firm flesh, harvestability with 
traditional  gears and ability  to grow 
when fed  on the types of  vegetation 
available on the majority of  smallholder 
farms make it a desirable fish For  low-cost 
"ICLARM Contribution No.  1003. 
"resent  address: 222 South Helix Av.  1, Solana 
Beach, California 92075. USA. 
aquaculture in  rural areas. However, little 
experimental work has been done to de- 
velop hatchery systems For  T. rendalli. This 
paper reports on seasonal variabilities of 
fry production by  T. rendalli broodstock in 
tanks with and without a spawning  substrate. 
Materials  and Methods 
The study was conducted in eight 5-m3 
concrete tanks at  the National Aquaculture 
Center. Dornasi, Malawi to  test the effect 
of providing a spawning substrate (a 10- 
cm  layer of washed river sand/small gravel 
from the Domasi River [approx. 50:50%  by 
weight] at  the  tank bottom) and the resulting 
seasonal water quality changes on Z  rendalli 
fry production. 
Two  treatments,  with  and  without 
substrate. were laid out in two randomized blocks of four tanks.  All substrates were 
washed at least three times with new 
water inside the tanks,  or were washed 
repeatedly until the washing water  was 
clear.  Four  tanks  were  left with bare 
concrete  walls  and  bases  without 
substrate. 
T  rendalli broodstoclc (mean individual 
body weights, 35.8-44.2 g) were stocked 
at  a  2: 1,  female:male  sex  ratio;  six 
females:three  males per 5-m3 tank.  Fish 
were fed daily with maize bran at 5% 
body  weight,day-',  calculated  for  a 
five-day  week.  The  amount  of  feed 
given was adjusted to the new mean 
body weight every  three weeks  when 
free-swimming  fry  were harvested from 
each tank  by draining half of its vol- 
ume and using a small  mesh scoop net 
to remove all  fry and adults.  Fry  were 
counted and each adult fish  weighed 
and measured individually  For  stand- 
ard and total length. The  experiment 
ran from 29  December  1989 to 19 Feb- 
ruary  199  1  (4  16 days). 
Fry production in  the two treatments was 
compared by  one-way ANOVA. Water quality 
was monitored every three weeks on the 
day before Fry  harvests according to the 
"checking" mode of Costa-Pierce  ( 1990). 
Dissolved oxygen (DO) was measured at 
0600-0700 hours. On  eight occasions when 
pH  exceeded 8.0, total ammonia concen- 
trations were checked using  a Hach Itit. 'Water 
quality differences between treatments were 
analyzed by paired t-tests. A multiple re- 
gression analysis was performed with fry 
number/tank/harvest  as  the dependent 
variable and Isroodstoclt weight, tempera- 
ture, dissolved oxygen and substrate (added 
as a dummy  variable) as independent vari- 
ables. Analysis was performed using  methods 
defined previously (Costa-Pierce et al. 1993). 
A length-based growth index, 4' (Pauly 
et al. 1988), was calculated using a growth 
spreadsheet solution developed by Valtily 
( 1988).  Standard lengths were used in the 
calculations. 
Results 
Over 4 16 days ( 19 fry harvesting peri- 
ods), broodstock in ponds with substrate 
yielded a total of 18,217  fry,  while the 
broodstock with no substrate  produced 
22,220 (Table 1  ). Fry production was strongly 
seasonal and very variable, being concen- 
trated from 16 October to 12 June when 
minimum water temperatures were above 
20°C (Fig.  1 ). During the 76 sampling pe- 
riods, 40 periods (53%) yielded no fry in 
the tanks with substrate and 29  periods 
(38%) with no  fry were experienced in  the 
no substrate tanks. 
Mean (+SE) fry production ranged from 
13.71 to 28.14 (6.68-37.35)  fry.100 g 
broodstock day-'  (substrate) and from 5.72 
to  32.44 (2.63-40.54) (no substrate). Mean 
(+SE) fry productionm-'.day-' ranged from 
1.39 to 3.83  (0.66-5.15)  (substrate) and 
from 0.77 to  4.30 (0.35-5.35) (no  substrate) 
(Fig.  2). One-way ANOVA showed no 
significant differences in fry production with 
or without substrate (b0.05:  n=81 paired 
comparisons). 
Broodstock reached a mean (+SE)  size 
at harvest of  85.3 g  (82.6-88.0 g) (substrate) 
and 93.8 g  (90.2-97.3 g) (no  substrate) From 
41.8 g (41  .O-42.6 g) and 39.0 (37.6-40.4 g) 
stocking weights. Calculations  using a length- 
based growth index ($') showed mean (+SE) 
indices for 7: rendalliin tanks with and without 
substrate of 2.31 +0.06 and 2.34  +0.08, 
respectively (Table 2). No correlation was 
found between growth indices and fry. 100 g 
broodstoclc  weight.day-' (P>O.O5;  n=8). 
Weight-based  estimates of broodstock 
growth were very variable. OF  the 72 growth 
intexals  measured (1  8/tanl< x 4 tanks), 1 1 
( 15%) showed weight losses where substrate 
was  present compared to 19  (26%) with 
no  substrate. Overall, of  the 1 44 total weight 
growth intervals, 30  (2  1 %) showed weight 
losses of broodstock. Eighteen (60%) of  these 
weight loss periods occurred during  the cool 
season from 3 July  to 16 October 1990. Table  1.  Tilapia rendalli fry  production in 5-m3 tanlts  with  and  without a spawning substrate over 
416 days. 
Number 
Tank  Fry number  Fry/fernale  of spawnings 
Substrate 1  3.568  595  8 
Substrate 2  2.953  492  6 
Substrate 3  3.935  656  10 
Substrate 4  7,761  1,294  12 
Range  2.953-7.761  492- 1,294 
Mean  4.554  759 
SD  1,884  314 
No substrate 1  5.240  873  12 
No substrate 2  6,285  1.048  15 
No substrate 3  1,972  329  6 
No substrate 4  8.723  1.454  14 
Range  1.972-8.723  329- 1,454 
Mean  5,555  926 
SD  2.424  404 
mnks with fr) 
Max.  temp. 
Mln. temp. 
Sampling dares  in 1990-1991 
Flg.  1.  Seasonal  pattern of  free-swimming  fry  production by  Tilapia rendalli in eight 5-m3  con- 
crete tanlts, with details of water temperature. Table  2. Growth parameters for  Tilapia  rendalli broodstock In  tanks  with and without a  spawning 
substrate.  compared  to results  of  a  previous study. 
Treatment  Growth parameters 
L  K  4' 





No  substrate I 
No substrate 2 
No substrate  1 
No substrate  1 
4' range  Mean 4' (SE) 
Pauly et al. (1  988), (Aquaculture) 
Pauly et al. (1988), (Nature) 




Subl  Sub2  Sb3  Sub4  Nol  No2 
Mean (2  SE) 
Flg. 2. Tilapid rendalli fry  production per day in concrete tanks with (sub) and without (no) substrate.  Fry 
production is plotted per  100 g of broodstock biomass (top) and per rn'  of tank area (bottom). Lines and 
rectangles are means + standard error (SE). Mean temperatures ranged from 23.1 to 
23.9OC in  the eight tanlts (Table 3),  with 
three distinct seasons (cool, 2 July-24 
September:  hot, dry,  15 October-25 
November; and hot, wet,  17 December- 
30 April) separated by a  transitional  cooling 
period (21 May-1 1 June)  (Fig. 3).  The sea- 
sonal pattern of conductivity changes was 
similar to water temperature. Correlation 
of temperature with conductivity was highly 
significant (P<0.001;  n= 136). 
Mean Secchi disk visibilities  (SDVs) 
showed a similar trend in  substrate/no 
substrate treatments as phytoplankton 
populations developed (Fig. 3);  how- 
ever, SDVs  were significantly lower 
(paired t-test, P<0.001,  n=68)  in  tanlts 
with substrate (Table 3).  A multiple re- 
gression of  SDVs  as the dependent 
variable with temperature and substrate 
as independent variables was highly sig- 
nificant (P<0.00  1 ; n=  136) (Table 4). 
Dissolved  oxygen  concentrations 
(DOs)  showed a seasonal trend similar 
to temperature and conductivity (Fig. 
3).  With one  exception, the date of the 
lowest DO was 17 December in  all tanks. 
Tanks with substrate had 12,  and those 
with no substrate, seven dates with DOs 
below 1.0  mg.1-I. DOs were significantly 
lower (paired t-test, P<0.001, n=68)  in 
tanks with substrate (Table 3).  The mean 
pH  was significantly higher (paired t- 
test, P<0.001, n=68) in  tanlts with no 
substrate (Table 3). 
In  a multiple regression analysis of  fry 
production with broodstock weight, tem- 
perature, DOs and SDVs as independent 
variables, temperature was the only sig- 
nificant positive predictor (P<0.01)  of Fry 
production (Table 5). 
In  natural  waters,  T. rendalli spawn in 
grassy, shallow margins of lakes and riv- 
ers, usually at a depth of  120-1  30 cm, but 
sometimes spawn in  waters as shallow as 
50  cm (Caulton 1978).  In this study, 7: rendalli 
did not need a substrate to spawn in  1-rn 
deep concrete tanks. Nesting behavior, 
fertilization and egg development were 
readily accomplished on bare concrete tank 
walls. When tanlts were drained to collect 
Fry, egg masses were commonly seen sticking 
strongly to tank walls in  both treatments. 
jubb  (1  967) reported that  T, reno'alli pro- 
duced sticky eggs which are "moved from 
pit to pit, guarded and oxygenated by tail 
Fanning by  both parents." 
Fry production per female in this study 
was,  however, lower  than  reported 
previously from wild and captive fish. The 
24 Females in the two treatments produced 
a total of  18,217 (substrate)  and 22,220 
(no  substrate)  free-swimming fry. During 
the 416 days of  the experiment, 2,953- 
7,76  1  fry  (492-I,294/female)  were 
produced in six to 12  spawnings (substrate) 
and 1,972-8,723  fry (329-  I,454/female) 
in  six to 12  spawnings (no  substrate) (Table 
2). Icenmuir (1973) observed a pair  of 
T. rendalliin a tank could breed eight times 
a year. A 2 1.1  -cm ( 190-g)  female produced 
48,000 fry.year-I (8  broods x 6,000 Fry/ 
brood), whereas  a  3 1.5 cm  female 
produced 70,000 fry.year-'  (Kenmuir 1973). 
De Bont (1950)  obtained 14,380  T, reno'alli 
larvae from five pairs breeding in captivity 
(2,876/female). 
The lower fry production  Found in  the 
present study at Domasi may be attributed 
to cooler temperatures and a  shorter 
reproductive  season. Temperature  was 
found to be  a  strong predictor of  fry 
production, thus, a strong seasonality in 
fry production was found. Reproductive 
activity  nearly  ceased  from  July to 
September  when  minimum  water 
temperatures fell below 20°C. Chervinslti 
( 1982)  reported that T, rendalli is capable 
OF living at temperatures as low as 1 1 "C, 
but does not breed below 2 1 OC. Balarin 
( 1988) reported spawning temperatures 
of 20-28°C and de  Pienaar (1  978)  reported Table  3.  Summary  of water  quality  data in  Tilapia rendalli  tanks. Temperature  in degrees 
C: conductivity in pmho.cm-';  dissolved oxygen (DO) in mg.1.': Secchi disk visibility (SDV) In cm: R 
= ranges:  M = arithmetic  means; SD  = standard  deviations; and CV  =-  coefficients  of varlatlon. 
Values are all ranges of four tanks of two treatments. 
Significance  levels 
Parameter  Statistics  Substrate  No  substrate  (n = 68) 








Table 4.  Multiple regression on Secchi  disk visibility  (SDV) in T~lapia 
rendall/  broodstock  tanks,  as  the  dependent  variable,  with 
temperature  and  presence/absence  of substrate  as  independent 
variables. Significance levels are indicated with stars (*=0.05: **=0.0  1 ; 
"'=0.001);  b =  regression coefflclcnt; and SE  =  standard  error of 
the  regression coefficient. 
Independent  variables  b  S  E 
Temperature 
Substrate 
Constant  (a)  1.518 
r2  0.209 
F  value  17.614 
Probablllty  < 0.001 
n  136 800  Bl 
ae,  - 
g  am  -  - om -  8"  % 
-- ow- 
$  om- 
#%'  # 
ft  0 
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Fig. 3. Seasonal  variations in  temperature, Secchi 
dlsk visibilities and dissolved oxygen at 0600- 
0700 hours measured in eight 5-m3 concrete 
tanks contalnlng Tllapia rendalli broodstock: 
four tanks had a spawning substrate, Four had 
none. A - temperature For  all eight tanks. I3 - 
Secchi disk visibilities in 1. tanks with substrate: 
and 2, tanks without substrate. C - dissolved 
oxygen in 1. tanks with substrate: and 2. tanks 
without substrate. The llnes are mean values 
with rectangles representling standard errors. Table 5. Multiple regression on fry  production  by  Tilapla rendalli with broodstock weight,  temperature. 
dissolved  oxygen, Secchi disk visibility and  presence/absence  of  substrate  as independent variables. 
Dependent variable  is  the number of  free-swimming  fry/tank/harvest  perlod.  Significance  levels 
and  symbols  are  as  in Table  3. 
Independent  variables  b  SE 
Broodstock  weight 
Temperature 
Dissolved oxygen 
Secchi  disk  visibility 
Substrate 
Constant  (a)  -940.874 
r  0.099 
F  value  2.856 
Probability  < 0.05 
n  136 
maturity as  well as  breeding are slowed 
or cease below 21 "C. 
Up to 15 spawnings were noted in one 
tank during this experiment (Table I),  with 
spawnings  concentrated during the rainy 
season (November to  March). In  nature, 
T. rendalli spawns  as  long as  water tem- 
peratures remain above 2 1 'C; and, in south- 
ern Africa, spawning reaches a peak during 
the  hot, rainy season (October  to  Decem- 
ber) (de Pienaar  1978: Kenrnuir  1983). 
The number of spawnings is determined 
by the duration of the rainy season (De 
Bont 1950)  and suitable water tempera- 
tures (Kenmuir 1983).  Spermatogenesis 
is continuous but oogenesis is highly in- 
fluenced by temperature and photoperiod 
(season)  (Moreau 1882). During the hot, 
rainy season, reproduction can take  place 
every four weeks (de  Pienaar 1978). 
Growth rates of  broodstock using a 
length-based index (4')  were similar to 
those reported from ponds in Zambia 
and Uganda (Pauly et  al. 1988).  Growth 
of 7.  rendalli was good compared to 
previous trials using vegetation as  a feed 
input to earthen  ponds at Domasi 
(Chikafumbwa  and Costa-Pierce 1992). 
Fish  reached mean weights over 80 g 
in 41 7 days in both treatments with maize 
bran as  the  only feed. Growth rates and 
fish size at harvest in this experiment 
were superior to  those reported previ- 
ously in Malawi. Noble and Costa-Pierce 
(1  982)  reported that the mean weight 
of  fish sold from 16  harvests of  small- 
holder fishponds in the  Zomba District 
was only 26.6 g. T. rendalliis not strictly 
herbivorous but feeds actively on  par- 
ticles of  maize bran. 
Fry production in tanks could have been 
affected by at least two  Factors: water qual- 
ity and the choice of a 2: 1, female:male 
broodstock ratio. Water quality conditions 
differed between the  two  treatments. Tanks 
with substrate had lower SDVs, likely due 
to more dense natural food concentra- 
tions. Therefore, early morning DOs and 
pHs were lower in  tanks with substrate. 
However, all water quality conditions in 
the two treatments were within ranges 
acceptable For  T,  rendalll (Philippart and 
Ruwet  1982). When water quality was 
suspect (e.g.,  pH>8.0 when ammonia con- 
centrations  were  checked),  toxic 
concentrations were not found. T.  rendalli  are  known  to  be 
monogamous: one  spawning female pairs 
with a single male (De Bont  1950). In 
this study, suboptimal sex ratios with 
some females being "surplus"  may have 
constrained maximum fry  production. 
As pointed out by Philippart and Ruwet 
(1982),  substrate spawners form stable 
territorial  pairs Surplus Fish  do not 
participate in breeding but can disturb 
breeders. 
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Abstract 
Exact quantitative measurements of reproductlve traits such  as  variation  in age and size at 
maturity, frequency of spawning and their relatlonshlp with growth performance requlre regular 
draining OF  ponds and sampling of all individuals, whlch Is impossible to carry out during routine 
productlon cycles. The method proposed here attempts to utlllze the Information on morphological 
and behavioral changes associated with reproduction that can be routinely recorded during regular 
random sarnpllng of individuals, to construct a "reproductlon Index." A total of 7,652 individually 
tagged flngerllngs of seven strains of Oreochromis niloticus were communally reared in diverse 
farming systems including ponds, cages and rice-fish systems. Regular  random sampling (about 
30% of the populatlon) was done every three weeks during a 90-day production cycle, Individual 
females  were scored  from  0  to  5  based on condition of the genital papilla and belly. and the 
presence.of eggs/fry in  the mouth. A reproduction index value of 0  indicates that the populatlon 
is reproductively inactive, whereas a  value of 5 lndlcates that all individuals have completed reproductlon. 
'ICLARM  Contribution No. 973 The reproduction index was low in cages  (<I)  and rice-fish systems  (2).  and was high in ponds (4 
to 5).  Reproduction indexes were highly variable among the difFerent strains. but relatively consistent 
across different farming systems. Reproductive activity starts much earlier and at lower mean body 
weights in slow growlng stralns than In the faster growing stralns, 
Tilapias are widely recognized as one 
of the most important species for Farming 
in a wide range OF aquaculture systems 
from simple small-scale waste-fed Fish- 
ponds to intensive culture systems 
(Maclean 1984: Pullin  1985).  They form 
the mainstay of many resource-poor fish 
Farmers.  One of  the major  problems 
associated with tilapia culture, however, 
is its ability to reproduce at small sizes 
and consequent overcrowding of  cul- 
ture environments. Controlled reproduc- 
tion has been  an area of  considerable 
research (Mair and Little  199  1 ). 
The present study forms part of a major 
collaborative research effort of the Ge- 
netic Improvement of  Farmed Tilapias 
(GIFT) project. A sequential approach 
has been followed in the GlFT  project, 
from systematic documentation of  the 
poor status of  the Asian farmed stocks 
and identification of.wild tilapia genetic 
resources in Africa; evaluation of  prom- 
ising strains of  Oreochromis niloticus: 
and then the establishment of  base 
populations and plans to develop a more 
productive tilapia (Pullin et al. 1991). 
The primary  focus of  the GlFT  project 
is selection for fast growth. Inclusion 
in a selection index of  important repro- 
ductive traits, such as age and size at 
maturity, is  also being envisaged  for 
possible selection For  late maturity. 
The results presented here are based 
on a preliminary attempt to  quantify 
reproductive activity of  individual  fe- 
males of  different strains of 0.  niloticus 
under communal stocking. The approach 
is to score individual females based on 
their morphological and behavioral char- 
acteristics associated with reproduction. 
The objective of  this study was to com- 
pare the relative  reproductive activity 
of  different  strains of  0.  niloticus in 
different farm environments. 
Materials and Methods 
This study was a part of  an experi- 
ment designed to evaluate the growth 
performance  of seven strains of  0. 
niloticus reared in  1  1 different test en- 
vironments (Elmath et al. 1993). Alto- 
gether,  7,652 individually  tagged 
fingerlings of  three newly  imported 
African strains (Egypt [El], Ghana [Gh] 
and Senegal [Sel) and Four  established 
Philippine Farmed stocks (locally known 
as "Israel" [Is], "Singapore" [Si], "Tai- 
wan" [Tw] and "Thailand" [Th])  were com- 
munally reared in a wide range of  Phil- 
ippine low input tilapia farming systems 
(test environments): fertilized  ponds 
(with and without supplementary feed- 
ing),  ponds fertilized with on-farm ag- 
ricultural residues (ipil-ipil leavesc, and 
leaves and vines of sweet potato), rice- 
fish systems, cages (different stocking 
densities; with and without feeding) and 
three hatcheries (BFAR satellite stations) 
located  in  different  regions of  the is- 
land  of Luzon  (Table  1). The origin of 
strains and the experimental set-up were 
described in  detail  by  Eknath  et al. 
(1  993). 
Single-pair mating (25 breeding pairs 
of  each strain) was done in  175 hapas 
(1 m3) installed in  breeding ponds. The 
progeny of  each strain were reared sepa- 
rately in hapas until they reached a mean 
body  weight  of 3-5 g. The  fish  were 
individually  tagged and  reared  in  dif- 
ferent test environments for 90 days. 
"Leguminous tree. Table 1. Description of test environments for genetic research on different stralns of Oreochromls 
niloticus, from which data were gathered to assess reproductive activity. 
Environment 
code  Description 
5 1  Philippine Bureau of  Fisheries and Aquatic Resources (BFAR) satellite station located 
in the  lowlands near  Laguna Lake,  southern  Luzon.  Pond culture.  Standard" 
management and fertilization.  Stocking density: O.G,m-Z. 
S  2  BFAR statellite station located in the coastal region of northwest Luzon.  Pond 
culture. Standard" management and fertilization. Stocking density: 0.6.m-'. 
S 3  BFAR satellite station located in the highlands of central  Luzon (temperature 
range 18-20°C). Pond culture. Stocking density: 0.6.m-Z. 
P 1  On-stationh.  Pond culture. Standarda  management and fertilization. Stocking denslty: 
0.6,m'z. 
C 1  BFAR  statellite station located in  the lowlands near Laguna Lake, southern Luzon. 
Cage culture in a farm reservoir without fertilization or Feedlng. Stocking density: 
50.m.'. 
C2  On-station"  Cage culture in reservoir without fertilization. Feedlng at 20% body 
weight once daily (70% rice bran and 30% Fish meal). Stocklng density: 30em-Z. 
C3  On-stationb. Cage culture in ponds (Standard" management and fertilization) with 
supplementary feeding at 10% body welght twice daily (70% rice bran and 30% 
fish meal). Stocking density: 22-m-Z. 
W1  On-stationb. Pond culture. Fertilized with chicken manure (1.000 kg.ha-') every 
second week. Stocking density: 0.6.m-Z. 
WZ  On-stationD.  Pond culture. Fertilized with untreated ipil-ipil leaves (Leucaena  sp.) 
at 50 kg  dry matter-ha-' daily. Stocking denslty: 0.6,m-Z. 
W3  On-stationh. Pond culture. Fertilized with untreated leaves and vlnes of sweet 
potato (Ipomea  batata) at 50 kg  dry matter-ha-'  daily. Stocking denslty: 0.6.n1-~. 
RF  On-stationb. Rice-fish culture. Trench refuge system (0.75 m wide x 0.5 rn deep). 
Plots planted to IR-70 variety of rice. Stocking density: 0.5-m-2. 
"Inorganic fertilizer (16-20-0) at 50 kg,ha,'  and chicken manure at  1,000 kg,ha-I every  second 
week. 
bThe BFAR national broodstock center and the Freshwater  Aquaculture  Center  of Central  Luzon 
State University facilities. Muiioz, lowlands of central Luzon. 
The mean age and mean initial  body 
weights of  tagged fingerlings at stocking 
were 108 days (range 98 to 12  1 )  and 
5.34 g (range  from 1.6 to 14.6),  respec- 
tively. Regular sampling (about 30% of 
the population) to  record individual body 
weights and reproductive activity was 
done  every 21 days, except in the rice- 
fish systems. 
Individual females were scored from 
0  to 5 based on the condition of  the 
genital papilla and belly, and the pres- 
ence of  eggs/fry in  the mouth as fol- 
lows: 
score =  1  - genital papilla  reddish 
and swollen, genital pore 
slightly open; 
score = 2  -  genital papilla swollen, 
genital pore fully open, 
abdomen fully  swollen, 
ready to spawn: 
score = 3 -  mouthbrooding, eggs in 
the mouth; 
score = 4  - mouthbrooding, fry in the 
mouth; 
score = 5 - spent females with de- 
pressed abdomen, swol- 
len jaw,  emaciated ap- 
pearance; and 
score = 0  -  none of  the above, fe- 
males not reproductively 
active. 
The frequency of  individuals by strain 
and test environment in a given stage was used to  construct the reproduction 
index. A reproduction index of  0 indi- 
cates that the population is immature 
or reproductively inactive, whereas a 
value of  5 indicates that all individuals 
are sexually mature and have spawned. 
Results 
Mortality and Sex Ratio 
The total numbers of individually 
tagged fingerlings,  estimated percentage 
total mortality and sex ratio at harvest 
across strains within each test environ- 
ment are presented in  Table 2. Mortal- 
ity was variable across  different  test 
environments, but was not strain-spe- 
cific (Eknath et al. 1993). Sex ratios across 
test environments were not significantly 
different (Px0.05) From  1 :  1. 
The  mean body weights of females 
of the different strains in different test 
environments were highly variable (Table 
3). Among strains, strain El was con- 
sistently the fastest growing and Gh the 
slowest. Growth performance of other 
strains was intermediate. The mean body 
weights of females of all strains across 
test environments (environment means; 
Table 3) were also highly variable. They 
range from 107  g in  S 1 to 9.1 g in  Cl  . 
Reproduction Indexes in Different 
Test Environments 
The reproduction indexes of all strains 
in each of the 11 different test environ- 
ments at successive  samplings are pre- 
sented in Fig.  1. They were highly vari- 
able,  ranging from almost 0 in environ- 
ments C1, C2,  W1, W3 to 4.6 in S1, at 
harvest. Interestingly, the reproduction 
indexes were highly variable in some of 
the test environments (C2. 53,  W1. W2 
and W3) where the final mean body weights 
were similar (Fig.  1 and Table 3). Test 
environment RF  registered a relatively 
higher reproduction index when compared 
to its environmental mean value. 
Reproduction Indexes of Strains 
Across Environments 
The reproduction indexes of the dif- 
ferent strains across test environments 
at successive samplings are presented 
in Fig. 2. Onset of reproductive activ- 
ity occurred 42 days aRer stocking. The 
reproduction index was highly variable 
among strains. The  Philippine strains 
exhibited relatively higher reproduction 
index values on day 63 (poststocking) 
than the African  strains.  At harvest, 
however, strains Gh and Se  showed 
higher reproduction index values than 
the other strains. 
The  reproduction indexes of strains 
in four  representative environments 
(farming  systems) presented in  Table 4 
indicate the following: 
Poncls (51).  The reproduction indexes 
were highly variable on day 63, with 
Philippine strains  showing relatively 
higher values than the African strains. 
However, at harvest, all the strains were 
reproductively active and showed similar 
reproduction indexes. 
Low-temperature Ponds (53).  For the 
few surviving females, the reproduction 
index at harvest was  highly variable. 
The reproduction indexes of  strains Gh 
and Si were considerably lower than the 
other strains. 
Cages (C3).  Although the mean body 
weight for these environments was rela- 
tively high (Table 3), the reproduction 
indexes of  the different strains were low. 
At harvest, strain Gh showed the highest 
reproduction index and E I  the lowest. 
Rice-Fish (RF).  Reproduction indexes 
in this environment were considerably Table 2. Numbers of  tagged Oreochromis niloticus fingerlings 
stocked: estimated total mortality (46)  and sex ratio at harvest 
in  different test environments. 
Test  No.  of fish  Estimated  Sex  ratio 
environment  stocked  mortalitya  (M:F)b 
(see Table  1 )  (Oh  ) 
"From Eknath et al. (1  993). 
bNot  significantly different from 1 : I sex  ratio (Pc0.05) 
Table 3. Mean body weights (g)  of  females of  seven strains of Oreochromis niloticus after 90 days 
of rearing in different test environments. 
Test  Strains (see text)  Environment 
environment  E 1  Gh  5 e  Is  S i  Tw  T h  mean 
(see Table 1) 
Mean across strains  66.7  38.2  49.1  46.2  41.3  52.2  51.8 Env~ronrnents 
Day  of  srrnpl~ng 
Doy  0  Day PI  =Day42  m~ay63  ~mldoy 
Flg.  1. Reproduction indexes for  Oreochromis niloticus populatlons  In  11  different test  envlron- 
rnents: For  explanation OF environments, see Table  1  and text. 
Strains 
m  Gh 
0  se 
m  Is 
Si 
m  Tw 
Day of  sompling (poststocking) 
Fig. 2. Reproduction indexes of seven strains of Oreochromis niloticus In all the test environments 
(day 0  = at stocking; day  F  = at harvest): for  explanation of strains, see text. Table 4. Reproduction  indexes of seven strains of  Oreochromis  niloticus  in  four  representative 
test environments. 
Test 
environment  Strains  Sampling Days (poststocklng) 
(See  Table  1)  (See  Text)  0  2 1  42  6  3  90 
5 1  E  1  0  0  0.07  0.45  4.67 
G  h  0.1  0  0.23  0.34  4.55 
Se  0.13  0.04  0.29  0.63  4.65 
Is  0  0.12  0.13  1 .I0  4.69 
Si  0.15  0.10  0.41  1.27  4.51 
Tw  0.30  0.1  3  0.43  1.57  4.57 
Th  0.23  0  0.40  0.57  4.63 
5 3  E  1  0  0  0  0  0.89 
Gh  0  0  0  0  0.21 
S  e  0  0  0  0  0.86 
IS  0  0  0  0  0.78 
S  i  0.17  0  0.33  0  0.33 
Tw  0  0  0.35  0.75  1.20 
Th  0.22  0  0  0  0.94 
= straln 51  not stocked in C3. 
- = no Intermediate sampling. 
higher than for other  test environments 
relative to the  environmental mean value. 
The reproduction indexes among  strains 
were highly variable. Interestingly, the 
slowest  growing  strain (Gh)  showed the 
highest reproduction index and the  fast- 
est growing strain (El)  the lowest. 
Reproduction Indexes and Gro  wth 
The relationship between reproduction 
index and the  mean body weights of the 
different  strains  across  test environments 
is presented in Fig. 3. Onset of reproductive 
activity and the  corresponding mean body 
weights were highly variable. The slow- 
est growing strain (Gh) was at its high- 
est reproductive activity when the  mean 
body weight at  harvest was less than 40 
g, whereas in the fastest growing strain 
(E  1).  the  onset of  reproduction occurred 
at a higher mean body weight (52  g). El 
reached its highest reproduction  index 
value when mean body weight was about 
67 g (about 68%  higher mean body weight 
compared to  strain Ch). Mean  body  weight  of  females  (g) 
Flg. 3. Reproduction Index as  a Function of the mean body weight (g) of seven strains  of female 
Oreochromls nllotlcus across test environments. 
Dlscusslon 
The reproduction index developed here 
provides valuable insights into  the repro- 
ductive activity of the different tilapia 
strains across diverse test environments. 
As can be  expected, the reproduction  index 
of females of comparable mean body 
weights was relatively lower in cages than 
in  other environments. In  fertilized earthen 
ponds, where an adequate substrate for 
nesting is available, the reproduction in- 
dex was relatively high. Across test en- 
vironments, it appeared that reproduc- 
tion commenced when females reached 
a mean body weight of about 25 g. The 
apparent exceptions were RF and one of 
the pond environments fertilized with 
leaves and vines of sweet potato (W3). 
In the RF  environment, reproductive ac- 
tivity commenced at lower mean body 
weights, while in W3 there was no sign 
of  reproductive activity. It is possible that 
the exudates from the leaves and vines 
may deter reproduction. This is being  in- 
vestigated in  the GIFT project. 
There was considerable variation in 
reproduction indexes among the strains 
tested (Fig.  3). In general, the slower 
growing strains commenced reproductive 
activity earlier and at relatively smaller 
body sizes  than the Faster growing  strains. 
In  a related study, it has been shown  that 
the divergent growth performance of  sexes 
is strain-specific.  Divergence of growth 
rates occurred at later ages and at higher 
mean body weights in the fastest grow- 
ing  strain (El  ) than in the slowest grow- 
ing  strain (Gh) (Palada-de Vera and Eknath 
1993). 
Overall, the results here suggest that 
the reproductive activity of the strains is  relatively consistent across  these test 
environments (Fig. 2).  The relative growth 
performance of the  same  strains was also 
shown to be consistent across a range 
of test environments (Elmath et  al. 19931. 
The GIFT project has now built a base 
population composed of best performing 
strains and their crosses. Selection for 
fast growth is  in progress. The future 
strategy is to  incorporate the  procedure 
outlined here to estimate  the  reproduc- 
tive activity of  full-  and half-sib fami- 
lies, and to include this trait in  a se- 
lection index. Families in  representa- 
tive test environments will be screened 
for reproductive activity once during the 
production cycle. The approach is  to 
assign lower weighting to families with 
relatively  higher reproduction  index 
values when estimating breeding val- 
ues. Meanwhile, research will continue 
to develop more objective criteria for 
assessing reproductive performance of 
both males and females. 
This study  focused on  estimating  the 
reproductive activity of  female tilapias. 
An analogous reproduction  index for 
males, based on their nuptial  colora- 
tion, stripping of  milt by applying  gentle 
pressure on the abdomen and count- 
ing of nests following draining of  ponds, 
was also attempted. This was found 
impractical because nuptial coloration 
was highly variable among strains, ex- 
pression of  milt was difficult to  quan- 
tify, and nests were almost invariably 
destroyed during seining and draining 
operations. Furthermore, counting of 
nests was almost impossible in the RF 
environment. 
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Abstract 
In tilapia,  especially  in species belonging to the genus  Oreochromls, hybridization occurs 
spontaneously at a high rate. It  therefore does not seem to happen by accident. Glven Its consequences 
which differ according to the environment (disastrous in  the wild, desirable in  a controlled culture 
system), there is a need to determine the Factors which are involved in this process. The present 
analysis Focuses on behavior. Using mainly two species.  0. nllotlcus and 0.  mossambicus (two 
strains), but including In some experiments 0.  rnacrochlr. 0.  aureus or 0.  sallnlcolus,  several 
experiments were run in  which intra- and interspecific  cornmunicatlon during courtlng and mating 
was studied. Although visual, chemical and/or acoustic signals contributed to the Identification of 
the homospecific mate, their Importance seems to be limited, the major matlng barrler being the 
species-speciflc aggression level, whlch characterizes not only the sexes but also the species. 
lntroductlon 
In tilapias, hybridization is a common 
phenomenon in natural and artificial en- 
vironments such as  lakes, ponds or  tanks. 
The consequences may be considered 
either as  disastrous (natural environment) 
or as beneficial (human-controlled en- 
vironment). During the last decade, many 
studies and experiments have been 
performed to  evaluate the biological and 
economic impacts of  tilapia hybrids. 
However, little effort has been spent 
on the study of  the mechanisms which 
actually enable hybridization, i.e., spawn- 
ing between heterospecific mates. 
There are three major reasons for 
studying these mechanisms. First, hy- 
brids challenge the concept of species 
(Templeton 1989).  In tilapias, this is re- 
flected by the  different criteria used in 
several classification systems, the ge- 
nus being characterized either by cri- 
teria on which the natural populations 
diverge or, in contrast, by those on  which 
they converge. Second, once two spe- 
cies meet in  open waters subsequent 
to a voluntary or accidental introduc- 
tion of at least one of the species, the 
possible spontaneous apparition of the 
hybrids generally has a negative effect 
on the natural  production of  the wa- 
ters (Daget  and Moreau 1 88  1  ). Improved 
knowledge  OF the mechanisms involved 
in hybridization would lead to  more ac- 
curate predictions on the  consequences 
of such introductions. Third, since the 
culture of hybrids in human-controlled 
rearing systems can be attractive for eco- 
nomic reasons, insight into the under- 
lying mechanisms could not only im- 
prove the techniques of hybrid produc- 
tion, but also might encourage the breed- 
ing of  new hybrid  crosses with good 
potential for culture in  extreme habi- 
tats like those with high salinity. Since interspecific mating in tilapias 
primarily involves behavioral factors, the 
present analysis used ethological meth- 
ods to investigate possible behavioral 
isolating mechanisms. It was limited to 
maternal  mouthbrooding species, a 
subgroup in which spontaneous hybridi- 
zation occurs most frequently and is  OF 
most practical and economic interest. 
Isolating Mechanisms 
in Oreochromls spp. 
Applying the categories of isolating 
barriers described by Dobzhansky (1  970) 
to  the  genus Oreochromis, Table 1 for- 
mulates them in behavioral terms  when- 
ever behavioral  mechanisms are in- 
volved. The development control  in- 
cludes parental care, such as mouthb- 
rooding in  this genus. It  can be seen 
from this table that even when the topic 
is  limited to  behavioral mechanisms, a 
multitude of factors, including those con- 
cerning the nest site or the time of 
spawning, must be studied in the  natural 
environment, those related to  commu- 
nication  between mates being more 
easily tested in the laboratory. 
The present paper Focuses on inter- 
speclfic mate communication by test- 
ing the  effect  of  visual, chemical or acous- 
tic signals on  the  behavior of the hetero- 
specific mate and by analyzing the se- 
quence of  behavioral interactions dur- 
ing interspecific courtship. 
Visual Signals 
Vision plays a dominant role in cichlid 
behavior, including spawning (Baerends 
and Baerends-Van Roon 1950).  Mates are 
visually informed of the sexual status of 
a potential partner either by its morpho- 
logical characteristics, which may be per- 
manent (secondary sexual characteristics) 
or temporary (protrusion OF specific or- 
gans, Le., genital papilla,  exhibition or 
speciFic color pattern), or by the form and 
the sequence of its behavioral display. 
In  order to evaluate the ease with 
which cichlids recognize conspecifics on 
the basis oFvisual cues, an experiment 
was designed in which the behavior of 
0. niloticus, 0. mossarnbicus (a1  bin0 
strain) or F,-hybrid  females that had 
ovulated towards males of the two pure 
species was recorded. Males of  similar 
weight were confined behind a sealed 
glass pane and presented First separately, 
then simultaneously, to  the females as 
described in Falter and Charlier (1989). 
Once the experiment was completed, 
females were given access to  the males 
they had chosen. 
Females generally chose the  males of 
their own species, although some fe- 
males were not only attracted to, but 
also  accepted  spawning  with  a 
heterospecific male (Tables 2  and 3). 
Also, according to the species  to  which 
the male and the female belonged, the 
probability of mating differed. Crosses 
between 0.  mossarnbicus Females and 
0,  niloticus males regularly resulted in 
oviposition, whereas the reverse cross 
only reached this point with difficulty 
due to  the excessive aggression of the 
0. niloticus female. Mate choice in the 
hybrid females was less restricted than 
in the pure females, with hybrid females 
accepting the males of  both  parental 
species equally. 
From this experiment, it can be con- 
cluded that in  most of the encounters, 
visual  cues alone ensure mate recog- 
nition. Nevertheless, these stimuli are 
not sufficient to prevent  interspeciFic 
matings in all cases, since a few females 
were significantly more attracted by the 
heterospeciFic male despite its differ- 
ences in cotoration, and in the form and 
frequency of its courting behavior. Table  1. Isolating mechanisms between species of Oreochromis. 
Barrier  Male 




Female  Barrier 
of another species  for females 
Pre-  Mature and having specific 
mating  requirements concerning the 
place and the time of spawning 
Innate mate scheme. and 
possible individual experience 
with previous mates 
Balance between sexual. 
fight and flight motivation 
None  Fertilization 
(mating) 
Post-  Development controlled 
mating  in some cases by the male 
Encounter 
Same place, same time 
Mutual acceptance 
as potential mate 
Reciprocal adjustment 
of the behavior during 
courtship to reach 
synchronization 




Fry  stage 
Mature and having specific  Etholo- 
requirements concerning the  gical 
place and the time of spawning 
Innate mate scheme, and 
possible individual experience 
with previous mates 
Bafance between sexual. 
fight and fllght motivation 
Oviposition 
Development controlled 
in most of the cases 
by the female 
None 
Multiple 
Viability and flexibility 
OF  the F,,  F,  and Fn-hybrids Table 2.  Time (In seconds) the three categories of female spent near the Oreochromls niloticus. 0. 
mossambicus male or in the neutral zone (means and standard error of means) (Wilcoxon test). 
Type of  0. mossambicus  0.  niloticus  Neutral zone  Probability 
females  male  male 
Hybrid  426  (317)  498  (372)  876  (312)  N.S. 
0.  mossamblcus  766  (196)  259  (180)  775  (276)  <0.0001 
0.  nilotlcus  227  (148)  881  (358)  692  (249)  <O.OOO 1 
Chemical Signals 
Since sexual pheromones are released 
by  female  cichlids  subsequent  to 
ovulation, the role  of  these chemical 
signals was determined in a second series 
of  tests (Falter and Dolisy  1989).  This 
time, the aim  of  the experiments was 
to ascertain  the existence of  sexual 
pheromones in prespawning 0.  niloticus 
and  0. mossambicus  females,  to 
determine the specificity  of  these 
substances  and  to  evaluate  the 
preference of hybrid males (parents: 9 
= 0.  niloticus, d  = 0.  rnossambicus  a1 bi no 
strain) for the chemical signals released 
by the Females of  both parental species. 
Samples of  water, presumed to con- 
tain the pheromones, were collected from 
smalltanks in  which ovulated females 
of either species had been isolated for 
four to six hours. The samples were trans- 
ferred into Baxter bottles and released 
drop-by-drop in  the two opposite cor- 
ners of the test tank containing the males. 
A  mirror was placed  in  each of these 
corners to provide a neutral cue to which 
the test male could direct its sexual and/ 
or aggressive behavior. 
Four series of experiments were car- 
ried out in  which 0.  niloticus or F,-hy- 
brid  males (parents: Q  = 0. niloticus. 
d = 0. mossambicus) were provided 
with pairs of  test substances: 
Series  1  : 
0.  niloticu5 d  :  clean water 
VS. 
ovulated 0. niloticus Q 
Series 2: 
0.  nilot/cus d  I ovulated 0. nilotlcus 9 
v5- 
non-ovulated 0.  nilotlcus 9 
Series 3: 
0.  nllotlcus d  :  ovulated 0. rnossambicus Q 
vs. 
ovulated 0.  nilotlcus 9 
Series 4: 
F,-hybrid d  :  ovulated 0. mossarnbicus 9 
VS. 
ovulated 0. nllotlcus Q 
In series 1, 0,  niloticus males directed 
nearly all their behavior towards the side 
containing the sample taken from the 
tank of  the ovulated female (Table 4). 
Table  3. Occurrence  OF  ovlposltlon during and  after  mate selection  tests. 
During the  15  hours 
During the test near:  Following the test near: 
Type OF 
Females  Frequency  0.  mossambicus  0. nllorlcus  0.  rnossarnbicus  0.  ~~ilotlcus Alone 
of oviposition  male  male  male  male 
Hybrid  14/17  0  I  5/6  616  215 
0. mossamblcus  3/13  1  0  Of4  2/4"  015 
0.  niloticus  011 2  0  0  0/4  0/4  0/4 
"One 0.  rnossarnbicus  Female  was  placed in  the compartment  of the 0. nllotlcus  male after  the  test. Table 4. Differences In biting and digging frequencies (and time in seconds) between 
Oreochromls nllotkus (M) or  F, hybrid (H) males (both types with n=12) exposed to 
either an ovulated 0. niloticus female or another treatment. 
Series  Behavior  Ovulated 9  Other treatment  Prob. of difference 

















42.9  7.7 
21.5  0.6 
63  1  260 
Non-ovulated Q 0. niloticus 
14.6  4.3 
14.5  3.4 
600  299 
Ovulated Q 0.  mossambicus 
38.1  10.4 
11.4  2.8 
587  313 
Ovulated Q 0. rnossamblcus 
7.2  4.4 
11.7  3.7 
486  414 
In series 2, 0. niloticus males displayed 
more sexual activity to the side which 
contained the sample taken from  the 
ovulated  female as opposed  to a 
nonovulated female. In  series 3, 0. 
ni/oticus males preferentially displayed 
near the sample  from thelr own females, 
but also displayed near the heterospecific 
one. In  series 4, F,-hybrid males were 
more attracted by the sample taken from 
the tank of 0. niloticus  females, the 
species to which their mother had be- 
longed. 
The conclusions concerning the chemi- 
cal signals are therefore similar to  those 
mentioned above for visual  cues. Fe- 
males, once  they have ovulated, release 
chemical attractants which are perceived 
by the males. In addition, males are able 
to discriminate between pheromones 
released by different species, although 
the substances released by heterospecific 
females remain attractive to them. 
Acoustic Signals 
Cichlids also communicate by acoustic 
signals, especially during territorial 
defense and courtship,  hence some 
preliminary studies were also made of 
this aspect. In  this experiment, males 
of several Oreochrornis spp. were placed 
in large noise-attenuated tanks in which 
they defended a breeding territory. For 
each species, a sonogram reFlectlng the 
frequencies of the emitted sounds  was 
established confirming species-specific 
differences. Using a hydrophone, these 
differences were discernible by the hu- 
man ear, with territorial 0. niloticus 
emitting single bursts of clearly distinct 
emissions (four to five  knocks) and 
territorial 0.  rnossamblcus males emitting 
several bursts consecutively with less 
distinct emissions (drumroll). Females 
also emitted sounds, but only when they 
were aggressive, never when they were spawning. Cross-species communication 
was not examined. 
Taken together, all these results con- 
cerning sensory communication confirm 
that each species has developed its 
distinct visual, olfactory and acoustic 
signals which enable it to distinguish 
between its own and a closely related 
species. However, these distinctions do 
not appear to  be of the  all-or-none type 
but rather reflect some  kind of specific 
preferences, which may lead, in some 
cases, to  a preference by an individual 
for the  other species. 
Courtship Sequences In Intra- 
and  lnterspeciflc Encounters 
It is apparent  from the  above  that sen- 
sory cues are not sufficient to  prevent 
hybridization. Behavioral premating bar- 
riers, if they exist, should therefore be 
likely to occur during  the  courtship phase 
and to  operate  by  disrupting  the 
behavioral interactions which are nec- 
essary for the mutual synchronization 
of  the mates. Since pairbonding is ab- 
sent in the Oreochromis species, the 
courtship phase is generally short, vary- 
ing, under laboratory conditions, be- 
tween a few  minutes and several hours. 
As  a consequence, isolating mechanisms 
have to be effective within this short 
period. 
The behavioral dynamics during the 
courtship phase were examined in an 
experiment in which males and females 
of 0. niloticus and 0. macrochlr met 
each other in intra- and interspecific en- 
counters (Falter and Dufayt  199  1 ). 
Records were taken of the  sequence  of 
the  different male and female behavioral 
patterns, with observations lasting ei- 
ther until the female laid her first clutch 
of eggs or until  one fish definitively 
moved away. 
Spawning  success  depends  upon the 
type of cross, with a strong  barrier pre- 
venting  hybridization  between  0. 
niloticus females and 0.  macrochir males 
(Table 5).  A possible explanation of the 
mechanism  by which  hybridization is 
prevented in  this cross was provided 
by  the comparison of  the behavioral 
interaction sequences shown by the  four 
crosses. This analysis revealed that  the 
behavioral sequences were composed 
of two  separate  classes of  behavior, the 
first comprising the  acts  performed out- 
side the nest (mostly aggression and 
courtship), and the  second comprising 
the behavioral patterns performed in- 
side the nest (mostly related to court- 
ship  and spawning). Species-specific dif- 
ferences mainly appeared in  the first 
Table 5.  Spawning success In two Intra- and interspecific encounters of Oreochromis 
spp. (Falter and Dufayt 1991). 
Females 
Males 
0.  nl/otlcus  0.  macrochir 
0.  nilo  ticus 
0.  macrochir 
6 spawnings from  0  spawning' from 
11  attempts  7 attempts 
6 spawnings from  6 spawnings From 
10 attempts  7 attempts 
"Six  of  these  seven  0. nlloticus  females  spawned  immediately  when 
confronted  afterwards to  a  male  of  their  own species. class;  0.  nlloticus males and females 
were more  aggressive than 0.  macrochir 
males and females. Differences in ag- 
gression also characterized  the two 
interspecific encounters: aggression was 
almost absent in  the cross culminating 
in  oviposition, whereas aggression was 
the dominant feature in  the other cross 
in which interactions between mates 
broke off  before spawning had occurred. 
The results suggested that the inter- 
actions between 0. niloticus females and 
0.  macrochir males had been disrupted 
by  the excessive aggression level of  the 
Female. Two explanations could account 
for this: either the 0.  macrochir males 
were not aggressive enough to with- 
stand the aggression of  the 0. niloticus 
females or, since territorial 0. niloticus 
males are brightly colored, the 0. 
niloticus female did  not  accept the black- 
colored 0.  macrochir male as a poten- 
tial mate and therefore reacted aggres- 
sively. 
To investigate these two  explanations, 
an additional experiment was designed 
in  which 0. niloticus females were con- 
fronted with F,-hybrid males which 
combined the "wrong" color pattern 
(nearly as  black as  the 0. macrochir 
males) with  the "right" aggression level 
(nearly as aggressive as the 0. niloticus 
males). In  six out of nine attempts, 0. 
n//otlcus  females readily accepted spawn- 
ing  with  the F,-hybrid males, revealing 
that an appropriate aggression level was 
essential for the mating success, sexual 
coloration playing only a secondary role, 
if  any. 
These  results  clearly  show  that 
Oreochromls species have developed 
species-specific signals and ways to  in- 
teract.  Within this maternal mouth- 
brooding group, the species-specific 
chnracterlstics appear to have evolved 
in  a quantitative rather than qualitative 
manner, the animals expressing stronger 
preferences for the traits of their own 
species but still remaining  receptive to 
signals emitted by other species. 
This quantitative rule applies to  ag- 
gression, the only efficient barrier which 
was found to  operate at the behavioral 
level. Aggression is a major component 
for success in breeding. Males gener- 
ally have to  eject a territory owner from 
its nest site by aggression to get ac- 
cess to the territory.  Once they have 
succeeded, they have to  fight either to 
attain a better territory or just to  de- 
fend it against other competitors. When 
a female starts visiting a male's nest, 
she is often initially treated like  a male 
and chased away. Females, whose own 
aggression level has drastically increased 
during  the period preceding  ovulation, 
generally withstand these attacks and 
return to  the male. In  most  cases, males 
adapt their behavior after a while, switch- 
ing  from aggression to  courtship. In some 
cases, however, males, especially those 
who have to  defend a coveted  area, fail 
to change their strategy and continue 
to  attack the females.  In  this case, fe- 
males switch to  another male  who  courts 
them more readily but  who is still able 
to  keep away other intruders. The role 
of  aggression in  spawning success was 
investigated in  an experiment in  which 
behavioral  interactions between 0. 
mossambicus males and females were 
followed over several months in  small 
breeding colonies (Falter and Foucart 
1991  ).  Thus,  although aggression can 
sometimes endanger spawning even 
within a homospecific population, the 
aggression level between the two  sexes 
is generally equilibrated,  i.e.,  high 
enough in  the females to  resist the at- 
tacks of  the males of  their own  species. 
One of the consequences of these 
quantitative barriers is  that differences 
among individuals are of  major impor- 
tance for hybridization. In fact,  It is 
possible to  rank the specks  on  an ag- 
gression gradient with  overlapping zones between species. Moreover, by adapt- 
ing the environment to  the behavioral 
requirements of the most demanding 
species, it should be possible to  enlarge 
the extent to which individuals of the 
two species would accept to interact 
with each other. 
This analysis leads to  two  major prac- 
tical applications. Concerning the  ques- 
tion whether to introduce a tilapia spe- 
cies into  a natural environment, the  de- 
cision should depend on  the inventory 
of the species already existing in this 
habitat. In the  case where two species 
of the  same  genus  would meet, the risk 
of spontaneous hybridization would be 
high due  to  the large behavioral plas- 
ticity of the individuals. In contrast, this 
risk is limited in the  case of intergeneric 
encounters, voluntary hybridization being 
absent between  Sarotherodon  and 
Oreochromls species (Fishelson 1988) 
as  well  as  between  Tilapia  and 
Oreochromis species (Lovshin 1982). 
These findings could contribute to  a 
more  systematic exploitation of the  spon- 
taneous tendency that tilapias have to 
hybridize. New crosses could be tested. 
In  this respect, the cross between 0. 
niloticus and 0.  sa/inico/us seems  to  be 
particularly promising because it could 
produce a  hybrid which  resists high 
salinity and extreme  temperature fluc- 
tuations. 0.  salinicolus  is  a  maternal 
mouthbrooding species which lives in 
the saline springs of Mwashia (Shaba, 
Zaire) and resists the  extreme environ- 
mental conditions of  high temperature 
and high salinity. In the  wild, their growth 
seems to be stunted, the total length 
ranging between 1.5  and 9.0 cm (Thys 
van den  Audenaerde 1964).  Under labo- 
ratory conditions, progressively adapted 
to  freshwater, their growth rate is much 
higher: one  individual reached 22.5 crn 
TL  and weighed 21 7 g after three  years 
(unpubl. data). Individuals caught in the 
wild  are extremely aggressive under 
laboratory conditions requiring there- 
fore to  be housed in very large aquaria, 
but their spawning behavior is  similar 
to  other Oreochrornis species and hy- 
bridization should therefore be possi- 
ble. 
Hybridization  occurs frequently in 
tilapias, with barriers acting as spac- 
ing rather than isolating mechanisms. 
Moreover, among  the  tilapiine cichlids, 
the  speciation rate has been considered 
low, the  fish considered generalists and 
hybridization thought of  as  accidental. 
An alternative hypothesis could, how- 
ever, be suggested. Given the special 
features (e.g., broad ecological toler- 
ance, good resistance to  diseases, ef- 
ficient breeding systems, high behavioral 
plasticity, etc.)  which characterize this 
group (Fryer and lles 1972),  hybridiza- 
tion could also be considered an  active 
process by which these species coun- 
teract their tendency to speciate and 
which helps them to  remain generalists. 
This view would fit the cohesion con- 
cept of species proposed by Templeton 
(1  989)  who  defines  a  species  as  the  most 
inclusive population of  individuals having 
potential  for  phenotypic  cohesion 
through genetic and/or demographic ex- 
changeability, a definition which goes 
beyond the solely reproductive crite- 
ria. 
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Abstract 
Applied to rnouthbroodlng females of Oreochromis niloticus, the cross-adoption method (adoption 
of  young fry after removal of the eggs or adoption of eggs aRer removal OF the fry) shows plasticity 
In the maternal behavior of this species. Brood rejuvenation (adoption of eggs) is accornpanled by 
a significant increase in  the total duration of the parental cycle and of each of its phases (incubation 
before and after release, and aggressive behavior). The aging of the brood (adoption of fry) produces 
the opposlte effects of which the reduction of the incubation perlod after release of the fry is the 
clearest. 
Thls shows that the females tend to adjust their parental behavior to the spawn age. However, 
this adjustment is not optlmal In relation to the age of the fry at the time of First release. Thls 
suggests a double control in maternal behavior: an external control involving buccal stimulation 
by the brood and an internal control the nature of which Is not yet fully understood. 
Introduction 
The complex nature of their parental 
behavior is one  of the  major character- 
istlcs of the reproductive cycle in spe- 
cies of the genus Sarotherodon and 
Oreochromis (Cichlidae) (Ruwet et al. 
1976; Perrone and Zaret 1979). The 
physiology of reproduction  in  these 
species has been the subject of many 
studies  which have significantly contrib- 
uted to  the  development of  their culture 
(Baroiller and Jalabert 1989). 
The  objective  of  our  study  on 
Oreochromis niloticus was to analyze 
the  regulation of maternal behavior. After 
'Research conducted under the ausplces of the 
Groupernent de concertation scientifique sur les 
bases  blologiques de I'aquaculture,  "Groupe 
aquaculture tropicale." 
spawning and fertilization of the eggs, 
the Female takes them in its mouth and 
incubates them, and then the fry, until 
hatching which also takes place in the 
mouth. 
This first period of normally uninter- 
rupted mouthbrooding ends with the 
mass release of all  fry. Then the sec- 
ond period begins,  characterized by 
incubations of variable duration of all 
or  part of the fry with a total reabsorption 
at  night, and by the  aggressive behavior 
of the female to protect the fry. This 
behavior persists even after all diurnal 
incubations have stopped. Later,  the 
female loses interest in  the fry and 
cannibalism is  frequent if  the fry and 
the  Female are kept in the same  aquarium. 
The aim of the present study was to 
establish  the  role  of  the  buccal 
stimulations by the eggs and the fry in the sequential organization, and the 
duration of the  different periods of the 
maternal cycle. To do  this, we  used the 
cross-adoption method leading either 
to the rejuvenation or to the aging of 
the incubated brood (eggs or fry). 
Materials and Methods 
to  a 300-1 aquarium where a male breeder 
was established. After spawning and fer- 
tilization, the  female was  transferred to 
a 120-1  aquarium. Mouthbrooding fe- 
males were isolated, keeping only visual 
contacts with their conspecifics. They 
were no longer fed until the release of 
the fry. 
Experimental Batches 
Anfmals and Maintenance 
The fish (0.  niloticus) used in this study 
came from the Pisci-Meuse fish culture 
station in Tihange, Belgium. The female 
and the male  mean weights were.304.6 
g (k7.8) and 450-500 g, respectively. 
Females taken from a mass production 
pond where males and females live 
separately were weighed, identified in- 
dividually using Alcian  blue,  then 
regrouped at the rate of  three to six 
individuals per 300-1 aquaria with gravel 
at  the  bottom. Recirculating warm water 
(262  1.5%)  was used  to supply the 
aquaria, which were located in a room 
with a 12/12 photoperiod. Animals were 
fed a supplementary feed twice a day 
(2  g per 100  g of body weight). 
When a female showed signs of sexual 
receptivity, particularly the  enlargement 
of the  genital papilla, it was transferred 
Three batches of  females were used: 
one "control" batch, n=21; after 
fertilization  of  the brood, females in- 
cubated their eggs then the fry with- 
out being subjected to any particular 
experimental procedure; 
one batch  labeled  "adoption of 
eggs," n=  10; after incubation of  their 
eggs then of  their young fry, the fe- 
males were subjected to  an egg adoption 
procedure (Table 1  ); and 
one batch labeled "adoption of fry," 
n= 12; females incubating their eggs were 
subjected to a procedure of  adoption 
of young fry (Table 1). 
Cross-adoption  Technique 
The female incubating the eggs and 
the female incubating the  fry were again 
removed from the aquarium. Then, each 
Table  1. Age of the adopted spawn (eggs or  fry  of  Oreochromis niloticus) and  Intervals  between 
the dates of  spawning and  the dates  of  adoption. 
Age of the adopted spawn:  Intervals spawn-adoption 
eggs or fry 
Adoption of eggs 
Adoption of  fry 
1-3 days 
7-1 2 days 
7-1  2 days 
1-3 days of  the females was captured by  hand 
to  induce the regurgitation of the eggs 
or of  the fry  into a  bucket. The eggs 
and the fry were then deposited at the 
bottom of the aquarium in an area where 
the gravel had been removed, and the 
adoptive female was introduced into the 
aquarium immediately afterwards. 
The first adoption tests were conducted 
without  anesthesia.  Later,  phe- 
noxyethanol  was used  to anesthetize 
the females in the bucket to reduce the 
effects of  stress produced during the 
procedure. Since light anesthesia did 
not affect the behavior of the females, 
they were anesthetized routinely. The 
age  of the adopted eggs  as  well as the 
intervals between spawn and adoption 
are shown in Table 1. 
Measurements 
We used four parameters expressed 
in days: the total incubation period from 
spawning up to the "first release" of 
the fry (1  00% OF the fry released): the 
real age  OF the Fry  at First  release; the 
incubation period after release of  the 
fry corresponding to  the  number of days 
after the first release during which the 
female takes back all or part of the fry 
into its mouth, particularly at night; and 
the duration of the aggressive behavior 
of the female after first release. The ag- 
gressive behavior displayed in response 
to the introduction of  the hand along 
the aquarium was recorded every day. 
An analysis of variance was done to 
compare the three experimental batches. 
When F values were significant, the mean 
results of the different treatments were 
compared at  the probability level of 5% 
(ANOVA and Scheffe's test). 
Results 
Behavior of  Females 
during  A  doptlon 
ADOPTION OF THE  FRY 
The experiment was conducted on 14 
females, but due  to technical problems 
(capture OF  one Female and imprecise 
date  of release of fry for another female), 
results were analyzed for 12  animals only. 
The process of  uptake of  the Fry  into 
the mouth of the female was rapid,  usu- 
ally starting when the fry  and the fe- 
male met. In our experiment, the uptake 
was total or near-total  in  less than 30 
minutes for nine of the females and in 
40-90 minutes for three others. How- 
ever, it took over six hours for the uptake 
of the fry to  be completed in two females. 
The number of adopted fry varied from 
100 to 500, and on the day of  release 
their number decreased only slightly or 
not at  all, except in two instances where 
fry decreased from 200 to 100 and From 
500 to 50. In  these instances, the fry 
were not very vigorous. 
ADOPTION OF  EGGS 
The experiment was  conducted on 14 
Females, but one  female did not incubate 
the eggs; two females stopped mouth- 
brooding two and three days aFter the 
adoption and ate  the eggs;  and one fe- 
male only incubated a few fry after their 
release. Therefore, results were analyzed 
for 10 animals only. Although the in- 
cubation  periods were variable from 
female  to  female, the adoption of eggs 
was slower than for the Fry. While seven 
females incubated more than half of the 
eggs in  30 minutes, the adoption was 
slower for the others, reaching up to 
six hours and over in  some instances. Only a small number of  females adopted 
all eggs present in the aquarium. 
The number of  adopted eggs varied 
from 100 to 400 and the number of Fry 
released decreased very little or not at 
all, except in  two Females  (50-60  fry 
at the moment of  release). The same 
phenomenon was  observed in the control 
animals. 
Comparison Between Batches 
An analysis of variance showed sig- 
nificant differences among batches with 
P<0.05  for each of the four parameters 
established (see results summarized in 
Fig.  1). 
The adoption of eggs (corresponding 
to  a brood rejuvenation) caused the in- 
cubation  period  before  release  to 
lengthen compared to the controls 
(P<0.02),  whereas the adoption of  fry 
(corresponding  to  the aging of the brood) 
caused the incubation period  before 
release to shorten (P<0.05). 
The examination of the age  of the fry 
at the time of release supplemented the 
analysis. When eggs  were adopted,  they 
were on the average three days  younger 
than the controls (P<0.02).  Therefore, 
despite the lengthened  incubation 
period, fry were released too early. On 
the other hand, when fry were adopted, 
they were five to six days older than 
Incubation prrlod babm first Was8 
Controls  Fry 
Eggs  Controls  Fry 
Ag. of fry at first mko~ 
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Fig. 1. Results of experiments on adoption of eggs or fry by Females of Oreochromis nilotlcus (mean values 
and standard deviations of the four parameters: incubation period before first release of the fry;  real age of 
the fry at first release: incubation period after release of the fry: and duration of the aggressive behavlor of 
the female after first release). 
Eggs: adoption of eggs by  the females  (n-10). 
Controls:  control females  (n=21). 
Fry:  adoptlon of fry  by  the females  (n-12). the controls (P<0.02) at the time of first 
release. The adopted fry were therefore 
"abnormally" aged at  the time of release 
despite the shortened period of  incu- 
bation by the adoptive females. 
Concerning the last two parameters, 
the incubation period after release was 
longer in  females adopting eggs than 
in  controls (Pc0.05) and in  females 
adopting fry  (P<O.OZ) where it  was 
actually nonexistent in  eight females. 
However, the difference between con- 
trols and adoptions of fry did not reach 
the 0.05 level of  significance. 
The mean values for the duration of 
the aggressive behavior after release of 
the fry followed the same tendency as 
with the previobs criterion, but the 
difference was significant only between 
adoption of eggs (9.7  days) and adoption 
of fry (4.4 days). 
Dlscusslon 
Females of  0. niloticuscan adopt either 
eggs or fry after the removal of  their 
own brood. Females adopt fry  easily, 
probably because they see them better 
than the eggs since the Fry  are capable 
of small movements (seven-day-old fry) 
or start swimming (1  0-  12-day-old fry). 
Moreover, older fry (1  2 days) facilitate 
their rapid adoption as they move 
towards the Female. This stimulation of 
the females by the fry may explain the 
rapidity with which all fry are adopted. 
Females encounter more difficulties 
with Immobile eggs lying at the bot- 
tom. Eggs are detected and adopted by 
searching the bottom of the aquarium. 
On the other hand, females that are dis- 
tressed by the removal of their own brood 
tend to swim in  midwater. This  may 
explain the failures observed and the 
longer periods of  time  needed  to 
reabsorb the eggs into the mouth com- 
pared to the time needed for the Fry. 
Finally, the females return several times 
above the brood to take up again the 
eggs into their mouth; these movements 
disperse the brood and eggs that are 
too scattered are left on the bottom. 
This cross-adoption technique shows 
the plasticity  of  the parental cycle In 
the females of 0. nildicus. Adoption 
of  eggs  causes a significant increase in 
the total duration of  the parental cy- 
cle and in  that of each of  Its phases: 
the incubation period before and after 
first release of  the fry and the period 
of  aggressive behavior both lengthen. 
However, the cycle plasticity is  not 
optimal because fry are released prema- 
turely, despite the extension of  the 
incubation  period  before  release. 
However, because the post-release 
incubation is  longer than in  controls, 
this compensates for the lack of incu- 
bation before release. Fry from adopted 
eggs  and controls enjoy the same 
incubation period when the  incubation 
periods, before and after release, are 
added. After the adoption of Fry, females 
shorten the incubation period before, 
and especially after, release and shorten 
the duration of the aggressive behavior 
period as well.  But  here again, the 
incubation period before release Is  not 
optimal. These females continue to 
incubate abnormally-aged fry. 
To conclude, Females try to  adjust their 
behavior to  the age of the brood: the  younger 
the fry, the more maternal they become 
(incubation and defense of the fry);  and they 
quickly lose interest in  the older fry after 
their first release. Although the incubation 
period before the first release of  the fry is 
modified by the adoptions, it seems  to  be 
the least elastic phase of the parental cycle. 
These results suggest a double control 
of the maternal behavior: on.the one  hand, 
an external control shown by the above 
adjustments, and involving stimulation of 
the mouth of  the females by the eggs and 
the fry; and on the other hand, an internal control, probably  related to hormonal 
balance, which could oppose  the  optimal 
adjustment of the female's behavior to 
the  age  of the  fry. This hormonal component 
remains to be identified. Smith and Haley 
( 1987)  compared non-incubating females 
of Oreochromis mossambicus (eggs  were 
eaten by the females) with  incubating 
Females and observed that in the incubating 
females, the  next oocyte development was 
slower and the post-ovulatory follicles did 
not degenerate as  fast. These authors sug- 
gest that follicles have an inhibiting effect. 
at least partially, on oocyte development. 
This hypothesis is supported by the study 
on the hormonal profiles  OF incubating and 
nonincubating females (eggs removed or 
eaten within 24 hours after spawning). 
Comparable levels of 17-13 oestradiol and 
testosterone were observed later in  in- 
cubating females (Smith and Haley 1988). 
Follicles could also be involved in main- 
taining the parental behavior. 
On the other hand, the influence of 
prolactin on behavior is not excluded. 
In fact, prolactin is known to  stimulate 
ventilation in cichlids (Blum and Fiedler 
1965: Blum 1966).  Although Wendelaar 
Bonga et  al. (1  984) did not show any 
increase in prolactin production during 
the parental  cycle in 0. mossambicus. 
Tacon (1  991)  had opposite results (ten- 
dency of the prolactin to increase during 
maternal care) in 0. niloticus. 
These data are not incompatible with 
the hypothesis of  the buccal  stimula- 
tion by the eggs and then by the fry, 
which, through a neuroendocrine reflex, 
would allow the post-ovulatory follicles 
to  remain with their secretions and their 
inhibiting eFfects on oogenesis. 
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Abstract 
Oreochrornis niloticus (L.)  fry were sublected to immersion treatments in  three different estrogens at 
concentrations  of  between 4 and 500 pg.1.'  for durations of up to 30 days. Ethynylestradiol (EE) proved the 
most successful in inducing feminization, although 170-estradiol and diethylstllbestrol achieved signlflcant 
converslon to female In  some  treatment groups. The optimal the  of starting treatment was found to be on 
or before the first feedlng stage and the optimal duration of treatment was 18 days at a concentratlon of 
170-200 pg.1-I EE.  Implications for the production of  all-male fry for aquaculture are discussed. 
lntaoductlon 
Culture of all-male tilapia populations has 
been proposed as the best solution to the 
problem of  precocious sexual maturity, 
unwanted  reproduction and overpopula- 
tion in tilapia ponds. Although alternative 
methods exist whereby this can be achieved, 
recent "research has concentrated on the 
production of genotypic males through the 
manipulation of sex determining mecha- 
nisms in broodstock (Shelton 1987: Scott 
et al. 1989). The production OF the novel 
genotypes, heterogametic XY  females in 
Oreochromis niloticus and homogametic 
ZZ females in 0. aureus, provide models 
for all-male fry  production  in  these spe- 
cies. Two fundamental problems In  the use 
of this approach are  the unreliability oFtreat- 
ments to induce sex reversal of males to 
Females (feminization) and the conflicting 
evidence on the  precise mechanisms of sex 
determination in Oreochromis species. 
Large-scale  production  of  YY  male 
broodstock in 0.  ni/ot/cus  is dependent upon 
the efficient  feminization  of  sexually 
undifferentiated  fry. Masculinization of fry 
for the production of male fish with female 
genotypes needed for breeding programs 
and direct stocking is readily achieved by 
adding androgens to fry food (Guerrero 
1975). Tayamen  and  Shelton  (1978) 
demonstrated that 0. niloticus could be 
feminized by feeding of diethylstilbestrol 
(DES) at 100  rng  kg-' of food and  Varadaraj 
( 1989) reported  100% feminization  OF  0. 
mossambicus by  feeding DES at concen- 
trations of 100  mg.kgl or more to young 
fry. However, routine use of this treatment 
on 0.  niloticus Fry  in  our laboratories has 
produced highly variable rates of  sex reversal 
and there is some  evidence of  strain-specific 
susceptibility to  sex reversal in this species 
(C.C. Mair, pers. comm.). In this paper, we 
present the results of attempts  to  feminize 
0.  niloticus fry by immersing them in water containing three estrogens at a range of 
concentrations. 
Materials and Methods 
The species initially used was a strain of 
0. niloticus which  had  been  selected  at 
Baobab Farm  (Kenya) for fast growth, light 
body color and high depth to length ratio. 
Individual  sexually mature males and Fe- 
males were kept in  200-1 glass aquaria with 
undergravel  Filtration  at 27OC with  a  12- 
hour light photoperiod and fed a commercial 
trout feed at approximately 5% body weight 
per day. Males and females were separated 
by a perspex sheet but when a female showed 
signs of  imminent spawning (extended 
genital papilla  and intense nest-building 
activity),  the male was introduced and spawn- 
ing was allowed to occur. 
After three days, the eggs were removed 
from the female and placed in  incubators 
until the start of  the hormone treatment. 
Larvae were placed in  vigorously aerated 
20-1 aquaria at a stocking density of  ap- 
proximately  3  per  liter and were fed  on 
Artemia nauplii For  the first few days, prior 
to a powdered commercial trout diet fed 
ad libitum. Water was changed and the tanks 
thoroughly cleaned every other day. 
All  hormone treatments were conducted 
in  a constant temperature room at 28T, 
until the fry had reached a mean standard 
length  (SL) of  20 mrn  (regardless of  the 
duration of hormone treatment).  They were 
then transferred to plastic bins in  a closed 
recirculating system where they were grown- 
on to 60 rnrn  SL.  Fish  were sexed by  re- 
moving the gonads, staining squashes with 
acetocarmine and examining them under 
40x magnification  (Guerrero and Shelton 
1974). 
Data From  each replicated experiment were 
subjected to heterogeneity Chi-squared 
analysis and, where samples were homo- 
geneous, data were pooled. Treatment data 
were then tested against their control group 
for goodness of  fit  using a  Chi-squared 
contingency test. 
The hormones used were 17R-estradiol 
(BE), DES and ethynylestradiol  (EE),  all 
obtained from Sigma Chemicals. UK. They 
were dissolved in  95% ethanol at  a-con- 
centration of 2 g.1.'.  This solution *as  Added 
to the water after each tank wa tpr  change 
to make up the required conce~.&&b~.  The 
initial number of  Fay in &  wt  was 
the same as that sffie ~h"~.  High 
mortality  has  been  rev 'H In  salrnonid 
fry immersed in  estrogen solutions at high 
concentrations (Nakamura  1%  1 ). So, ini- 
tially, a range of concentrations of between 
4 and 500 pgel  '  was used and mortality 




Table  1  shows the results of  the initial 
trials. DES  proved to be the most toxic and 
BE the least. Concentrations equal to or 
greater than  250 pg.1.'  EE produced  an 
unacceptable level of mortality (>SO%),  as 
did 500 pg.1.' DES. Few fry survived for more 
than 18 days in 200 pg.1.' DES.  In  all Gases, 
mortality  was correlated  with  increasing 
hormone concentration. Treatment mortality 
is given as a percentage of  the number remai- 
ning in  its control group at the time of  re- 
moval from the tanks to bins in  the recircu- 
lating systems (30  days after first feeding). 
Mean survival in  control groups was 96.4%. 
Concentrations of  200 pg.1.' BE and greater. 
100 pg.1'  EE, and  100 pg.1.'  DES gave a 
significant bias towards Females in treated 
groups. In  addition to causing high  mor- 
tality, very high concentrations of hormone 
(500 pg.1.'  BE, and 300 pg.1.' EE and DES) 
did not  feminize all  of  the few Fish  that 
survived. Table 1. The effect of three estrogens in inducing feminization of Oreochromis  nilotlcus (Baobab strain) Fry. 
Data are From crosses where control sex  ratios did not differ signlflcantly from  1:l.  (NS = not signlncant: 
"'Pc0.001;  '*P<0.025;  NA = Chi-squared test not applicable due to low survival; BE  = 17B-estradiol; DES  -  diethylstilbestrol; and EE = ethynylestradiol.) 
Hormone 
concentratlon  Duration  No. of  %  Proportion  Chi- 
(pg.1-')  (days)  replicates  Mortality  Q  d  of females  squared 
BE  4  30  2  0  68  62  0  0.52  0.139  NS 
20  30  2  2  70  63  0  0.53  0.1  84  NS 
100  30  4  5  99  77  3  0.55  1.008  NS 
200  30  5  18  159  50  21  0.69  17.474"' 
250  30  2  68  19  4  3  0.73  2.925  NS 
250  14  3  18  96  20  7  0.78  38.704"' 
500  30  2  94  3  2  0  0.60  NA 
500  14  2  42  62  14  2  0.80  10.268** 
EE  4  30  2  0  77  69  0  0.53  0.219  NS 
20  30  2  0  56  64  0  0.47  0.267  NS 
100  30  8  7  384  41  43  0.82  107.215"' 
200  30  2  7  9  23  3  2  0.82  6.452" 
300  30  1  93  1  2  1  0.25  N  A 
400  30  1  100  N  A 
DES  100  30  1  17  32  2  1  0.91  14.380*"* 
200  30  1  70  19  2  1  0.86  6.482" 
300  30  1  95  3  1  1  0.60  NA 
400  30  1  99  N  A 
Timing of  Start of Treatment 
There would be an advantage for fry sur- 
vival  if treatment could be started as late 
as  possible, when fry had first fed and would 
therefore be fitter, with corresponding lower 
rates of mortality. This would also permit 
treatment of fry of differing ages  collected 
From various waterbodies. A series of treat- 
ments was set up using 250 pg.lS'  BE  for 
14  days because this concentration had been 
successful in feminizing fry with acceptably 
low mortality. Treatments were started at 
first Feeding and six, 12 and 18  days after 
first feeding. Only the first treatment had 
a significant effect on the sex ratio (Table 
2) 
Similar experiments were undertaken. 
starting treatment with  100 pg.1.'  EE for 
14  days starting two days or one day be- 
fore the swim-up stage, when fry (in incu- 
bators) are  free swimming but still absorb- 
ing the  yolksac; at swim-up, and three and 
six days after swim-up. The results (Table 
3) indicate that there is  no significant ad- 
vantage in starting immersion treatments 
earlier than swim-up when fry are able to 
survive without an incubator. These data 
also confirmed  that hormone treatments 
are not effective if initiated more than three 
days after swim-up. 
Duration of  Treatment 
Treatments with 100 pgl-' EE were started 
at first feeding and continued for six, 12, 
18, 24 and 28  days. The results (Table 4) 
indicate that sex reversal started after 12 
days, but an optimum is  reached between 
12  and 24 days. Mortality appeared to  be 
correlated with duration of treatment. 
Dlscusslon 
In our laboratory, 95-1 W/O  female progeny 
is  now routinely achieved by treating fry 
from crosses where control groups  approxi- 
mate to 1:l sex ratios. EE is used In  pref- 
erence to BE since it is  more effective at Table 2. The number of females, males and intersexes produced from immersion of Oreochmmb nllotlcus 
(Baobab straln) fry in 250 pg.1"  17D-estradlol  (BE)  for 14 days startlng at First feeding, six, 12 and 18 days 
later. Data are pooled From three homogeneous replicates. (Data bearlng dlfferent suffix letters are significantly 
dlfferent; "'P<0.001:  NS  = not significant; and b0.05.) 
Start of treatment 
(days after  %  No. of  No. of  No. of  Proportion of 
fir& feeding)  Mortality  females  males  intersexes  females  Chi-squared 
Control  3.4  64  54  0  0.54* 
0  10.3  99  19  3  0.82D  24.292"" 
6  8.0  75  56  0  O.5Ba  0.228  NS 
12  5.2  70  53  0  0.57'  0.1 73 NS 
18  3:l  62  60  1  0.51'  0.281 NS 
Table 3. The number of females, males and intersexes produced from immersion of Orwdrromis niloticus 
(Baobab straln) fry Immersed in 100 pg.1''  ethynylestradiol (EE) for 20 days. starting two days before to six 
days after the swim-up stage. Data are pooled from two homogeneous replicates. (Data bearlng different 
suffix letters are significantly different: 'Vc0.025:  NS  = not significant; and P~0.05.) 
Start of treatment 
(days aHer  %  No. of  No. of  No. of  Proportion of 
first feeding)  Mortality  females  males  intersexes  females  Chl-squared 
Control  4.1  40  40  0  0.  SOa 
-2  6.1  50  8  14  0.69b  5.932" 
- 1  5.4  40  6  11  O.7Ob  9.568" 
0  3.9  SO  10  6  0.76b  10.146" 
+3  4.9  39  30  12  0.48'  0.005 NS 
+6  6.8  3 7  42  1  0.46"  0.225 NS 
Table 4. The number of Females, males and intersexes produced from immersion of Oreochromls nlloticus 
(Baobab straln) fry In 100 pg.1-' ethynylestradiol (EE) for six. 12. 18. 24 and 28 days starting at the swim-up 
stage. Data are pooled from three homogeneous replicates. (Data bearlng different suffix letters are signlflcantly 
dlkrent; "'Pe0.001;  and NS = not significant. Data with the same suffix letter were not signlflcantly 
different [PzO.05]). 
Start of treatment 
(days from  %  No. of  No. of  No. of  Proportion of 
swim-up)  Mortality  females  males  intersexes  females  Chi-squared 
Control  2.0  62  60  0  0.5 1" 
6  1.5  63  58  0  0.52'  0.037 NS 
12  2.9  139  38  5  0.76b  21.290"' 
18  8.4  93  12  3  0.86b  32.468"' 
24  6.3  57  3  5  0.8Sb  24.91 5*** 
28  7.2  68  13  7  0.77b  15.1 70n** lower concentrations. The two molecules 
are  very similar but EE is slightly more  soluble 
in water and this may be the reason for its 
relatively greater success. DES is  usually 
the preferred artificial  estrogen for oral 
administration. lnitial trials with DES were 
promising but fears about its carcinogenic 
properties (IARC Monographs 1974)  have 
inhibited its use in our laboratory. 
Administration- of EE at  a concentration 
of 100 pg.l-' For  12+ days is  the optimal 
treatment. Fry attained a standard length 
of 13-1 5 mm at this age  under the grow- 
ing conditions used, but it is probable that 
a lower protein diet or  lower temperatures 
would necessitate a longer treatment pe- 
riod because of reduced growth. This treat- 
ment has no  significant deleterious effects 
on growth and survival in comparison  with 
controls. Eckstein and Spin  (1  965) induced 
sterility in 0.  aureus when administering 
estrogens for five to  six weeks, commenc- 
ing at  four to five weeks post-hatching. With 
the  longer treatment periods there appeared 
to  be  a lessening of oogonia development 
(Gilling et al. 1992)  at 60-70 mm  standard 
length, but most adults matured normally. 
Srisakultiew and Rana  (1  991  )  reported 
that sexual differentiation can be seen in 
histological preparations of tilapia gonads 
at 14 days after fertilization.  Our results 
indicate that germ cells are developing prior 
to this and that, for environmental  influ- 
ences  to  overcome any  genetic influences, 
they must be initiated at First  feeding or 
soon after. 
It is  hoped that, through progeny test- 
ing, it will be possible to  isolate W males 
amongst the progeny from sex reversed 
females and that, using the method des- 
cribed, females can be  produced with a W 
genotype.  These could then be backcrossed 
to W males giving all W progeny which 
would form the  basis of a broodstock produ- 
cing all-male fry For ongrowing under com- 
mercial conditions. However, deviations from 
the  sex ratios predicted by a theory of mono- 
factorial sex  determination as  described by 
Mair et  al. (1  991)  may prove to be a limi- 
tation to  the success of this approach. In 
addition, the  viability of the W genotype, 
especially in  a  female phenotype, needs 
investigation. 
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Abstract 
The effects of triploidy on sexual development and reproduction were examined in female and male Nile 
tilapia (Oreochromis niloticus L.).  Trlploldy was  Induced by exposing newly Fertilized eggs to either a 
hydrostatic pressure shock (8,000 psl for 2 mlnutes) at 9 minutes after fertilization (a.f.) or a heat shock 
(41  "C for 3.5 minutes) at 5 mlnutes a.f. Hlghly significant differences in ovary weight and GSI were observed 
between trlploid and control dlplold Females from 5 months of age to the end of the growing period (10 
months).  The string-like ovaries of triploid contained mainly oogonla and very few small oocytes: in contrast, 
diploid ovaries were packed wlth developing or well-developed secondary and vitellogenlc  oocytes. Triploid 
testes contained watery milt with a very few motlle spermatozoa, while diploid testes were full of motile 
spermatozoa. The results of 10 dlfferent crosses between triploid males and diplold females revealed that 
trlploid spermatozoa were mostly unable to fertilize normal eggs.  In a few  crosses, where fertilization 
occurred, the hatched larvae were deformed and died before yolksac resorption. Karyotyplc analysis revealed 
that hatched embryos from such crosses were all aneuploid. The  impact of such reproductive sterility of 
triploid IndMduals on the mixed-sex farming of Oreochromis spp. Is discussed. 
Tilapias ( Oreochromis, Sarotherodon  and 
7iapia spp.) are fishes of  major economic 
importance in tropical and subtropical coun- 
tries, but their uncontrolled  and prolific 
breeding at a small size in mixed-sex cul- 
ture constitutes a serious  constraint on their 
efficient production. Production of all-triploid 
progeny of  Oreochromis spp., by genome 
manipulation techniques or by crossing 
diploid and tetraploid individuals, has  great 
potential for commercial application to  re- 
place hybridization or  the  use of hormones 
"Present address:  Fisheries  Research  Instltute, 
Mymenslngh 2201, Bangladesh. 
as means of  producing all-male  or other 
nonbreeding tilapin production  stocks. 
Triploid individuals are expected to  be Func- 
tionally sterile because of  the failure of 
homologous chromosomes to synapse 
correctly during the first meiotic division. 
Triploidy in tilapias has been achieved in a 
number of studies (Vnlenti 1975; Chourrout 
and ltskovich  1983; Penman et al.  1987: 
Don  and Avtalion  1988: Varadaraj and 
Pandian 1988; Hussain et  al. 1991  ). In other 
teleost-fish species, the ovaries of female 
triploids contain few oogonia and primary 
oocytes fail to  mature with the result that 
the ovaries remain smaller at all stages of 
development compared to those of  the 
diploids (see,  e.g., Thorgaard and Gall 1979; Chrisman et dl. 1983: Lincoln and Scott 1984; 
Richter et al. 1987). In  male triploids, the 
size of  the testes do  not differ significantly 
from diploids. During spermatogenesis, when 
the primary spermatocytes start to  develop 
into secondaty spermatocytes there is mass 
atresia and degeneration of these germ cells. 
If active division of spermatocytes does occur, 
and they are  transformed to  spermatids, a 
few aneuploid spermatozoa are  produced. 
This ultimately leads to functional sterility 
of  the testes (see,  e.g., Wolters et  al. 1982; 
Richter et  al. 1987). 
In tilapia, there are a few reports on sex- 
ual maturation and fertility of triploids (Pen- 
man et  al. 1987;  Pandian and Varadaraj 1988: 
Varadaraj and Pandian  1990),  but the na- 
ture of sterility in  these Ashes is  still  un- 
clear due to lack of  follow-up trials, par- 
ticularly on the histological and endocrino- 
logical aspects of triploid and diploid go- 
nads. 
In  this papef, we aim to summarize the 
results of our experiments on the condi- 
tion of Functionally but reproductively sterile 
gonads (having  nonviable gametes) in suc- 
cessive age groups of triploid Nile tilapia, 
Oreochromis niloticus L.  and the implica- 
tions for the culture of this species. 
Materials and Methods 
The 0. niloticus L. broodstock used in 
this study came  from the Tilapia Reference 
Collection maintained at the Institute of 
Aquaculture, University of  Stirling, Scot- 
land and were descended from a pure stock 
originally obtained from a wild population 
in Lake Manula, Egypt in 1979  (McAndrew 
and Majumdar 1983).  The husbandry of the 
stock, stripping, egg fertilization  and in- 
cubation protocols were as described by 
Hussain et al. (1991). 
Eggs  stripped from a female Fish  were 
Fertilized with fresh spermatozoa and were 
then divided into three equal batches. The 
first batch of eggs was exposed to a heat 
shock (41°C for 3.5 minutes) at 5 mlnutes 
after fertilization (a.f.) and the second batch 
to  a hydrostatic pressure shock (8,000  psi 
for 2 minutes) at  9 minutes a.f. (Hussain et 
al.  199 1 ).  The third  batch was used as a 
control. 
The ploidy status of  all treated and con- 
trol fish was assessed by chromosome prepa- 
rations from newly hatched or  one-day-old 
larvae, using the technique of  Hussain et 
al. (1991  ). The ploidy of individual large 
fish in the ongrowing trial was checked by 
estimating the mean erythrocyte nuclear 
major axis. Blood smears from individual 
fish were made on glass slides and stained 
with Wright's blood stain ( 10  red blood cell 
[RBC] nuclei were measured per fish with 
an eye piece graticule at x1 ,000 magnifi- 
cation using an Olympus compound mi- 
croscope [Penman et  al.  19871). 
The first feeding triploid and diploid fry 
( 10- 12  days a.f.) were transferred from in- 
cubating  jars into 20-1 tanks, provided with 
a recirculated, aerated and  controlled tem- 
perature (28e  1 OC)  water supply. Triploids 
and diploids were kept separately at  a stock- 
ing density of 100 frytank-'  for five weeks. 
No differences in triploid treatment groups 
were noted so, at the end of  this period, 
triplold sib fry  from  the two shock treat- 
ments were stocked together hr  ongrowing. 
The early fry were fed commercial trout 
feeds following the methods of McAndrew 
and Majumdar (1  989). At the end of the 
initial  rearing period, the triploid  (mean 
weight 0.35e0.13 g)  fry were stocked sepa- 
rately into 500-1 tanks at a density of  70 
fishtmk-'  and kept on a 12-hour photoperiod 
in a recirculated water system maintained 
at 28T.  Ongrowing fish were fed twice 
daily at 3-5% body weight with trout pel- 
lets (Ewos Baker, Nos. 3, 4, and 5 pellets; 
35-50% protein). 
Monthly  estimates of  standard length, 
body weight and gonad weight for male 
and female triploid and diploid Fish (5  fish/ 
sex/treatment) were made on random 
subsamples of  total Fish  in each category from four months of age  to the end of the 
growing period  ( 10 months). The values 
for gonadosomatic index (GSI) were cal- 
culated as  individual gonad weight x 1001 
individual body weight. 
The ovaries and testes collected were 
transferred to Bouin's fluid overnight, fixed 
in  70% ethanol, and examined by  routine 
histological methods (paraffin wax embed- 
ding; haematoxylin/eosin staining). 
Ten crosses were made between triploid 
males and diploid females. Some males and 
females were used more than once, but in 
difFerent crosses. All  the milt from sexu- 
ally  ripe triploid  and diploid males was 
checked under a microscope to assess the 
motility and density of spermatozoa. Eggs 
collected from a  normal  female were di- 
vided into two batches, one being ferti- 
lized with triploid and the other with dip- 
loid sperm. The survival rate of embryos 
from all the crosses was estimated at four 
development stages: morula (MOR), pig- 
mentation (PIG), hatching (HAT) and yolk- 
sac resorption (YSR). The numbers of nor- 
mal and deformed hy at HAT  and YSRstages 
were also recorded. 
Data on standard length, body weight, 
gonad weight and GSI were collected from 
all groups. Differences between groups for 
these variables were analyzed using a one- 
way analysis of  variance (ANOVA). The 
relationship between gonad weight and body 
weight was analyzed by simple regression 
analysis, using Statgraphics (Version 3.0). 
Results and Discussion 
Mean standard length, body weight, gonad 
weight and GSI  for both sexes OF triploid 
and diploid fish belonging to successive 
age groups are given in  Table  1. In  this 
preliminary growth study, no significant 
length differences were found between the 
treatments within a  sex. Diploid  females 
were significantly heavier (P<0.05) at four 
months than their triploid  sibs, but this 
disappeared in  succeeding samples (5-  10 
months). Diploid  males always showed 
increased body weight over trlploid males 
throughout the growing perlod but this was 
not significant except In  month 6. These 
measurements were mostly incidental for 
calculation of  GSI  and a more lndepth in- 
vestigation on comparative growth of triploid 
and diploid individuals is  in progress. 
Highly significant  differences in  ovary 
weight and GSI were found between trlploid 
and diploid females from five to 10 months 
of age (Table 1).  Diploid ovaries were 20- 
50 times heavier than ovaries of their triploid 
sibs. The former  were packed with numer- 
ous developing oocytes from four months 
of age to the end of the growing period 
( 10 months). In  contrast, triploid females 
showed very poor development of  the 
urogenital papilla and the ovaries were very 
thin, string-like and sometimes short and 
plump. The mean ovary weight and body 
weight for  females of  both ploidy levels 
were positively correlated during the course 
of the study period and the values of cor- 
relation coefficients  (R) for linear regres- 
sion equation were mostly significant. 
Diploid testes were soft, elongate, milky 
and full of motile spermatozoa. Triploid testes 
were more or less of  similar size, some- 
times thin and flat: all had watery milt. No 
significant differences in testes weight and 
GSI were found between triploid and dip- 
loid males. A positive correlation was also 
found between mean testes weight and body 
weight for diploid and triploid males. Triploid 
males, like diploids, developed secondary 
sexual characters such as a  prominent 
urogenital papilla and the shiny body color. 
Diploid ovaries From  fish of six to  eight 
months of age  contained oogonia and many 
maturing previtellogenic and vitellogenic 
oocytes with irregular nuclei and vacuolated 
cytoplasm associated with endogenous and 
exogenous  yolk formation (Plate 1  A). Triploid 
ovaries contained mainly oogonia and a few 
small primary  or previtellogenic oocytes 
(Plate 18). In the earlier stages (Four to  seven in nearly empty tubules having lightly stained 
seminal fluid consisting ofa  few spermatozoa 
with large nuclei (Plate 28).  Triploid milt 
contained a few spermatozoa most of them 
displaying an  abnormal or highly abnormal 
morphology and motility. 
Similar observations were made also for 
the ovaries and testes of triploid Individu- 
als of  other teleost fishes (see, e.g., Chrisman 
et al. 1983;  Lincoln and Scott 1984: Suzuki 
et  al. 1985: Richter et al. 1987).  Vitellogenic 
oocytes have been observed in  triploid 
ovarles of  some  species, including 0.  aureus 
(Penman 1989). 
As some  triploid males were able to  pro- 
duce motile spermatozoa, these males were 
crossed with normal females to  test the  via- 
bility of their spermatozoa. The results of 
10 different crosses between triploid males 
and diploid females revealed that triploid 
spermatozoa were mostly unable to  ferti- 
lize normal eggs. In  a few  crosses, where 
Fertilimtion (2.7-44%)  occurred, the hatched 
larvae were found to  be deformed and died 
before YSR (Fig. 1  ). Karyotypic analysis re- 
vealed that hatched  embryos from such 
crosses were all aneuploid (between 2n=44 
and 3n=66). In contrast, all crosses between 
Plate 2.  Histological sections of Nile tilapia (0reochroml.s nllotlcus) testes at 10 months of age (~250).  (A) 
Dlplold testis showing spermatogonia (SpO), spermatocytes (SpC), spermatids (SpT) and a large number of 
spermatozoa (SpZ).  (6)  Triploid testis containing cysts mostly with spermatogonia (SpO). spermatocytes 
(SpC), some spermatids (SpT) and a few spermatozoa (SpZ) in semlnal fluid (SF). 
2n x2n cross 
MOR  PIG  HAT  YSR 
Embryonic  development stages 
Fig. t.  The  mean survlval rate 
of  Oreochromis  niloticus 
embryos from  10 dlfferent 
crosses  between triploid 
males and diploid females 
at four development stages: 
morula (MOR). pigmentation 
(PIG). hatch (HAT) and yolk- 
sac  resorption (YSR). Scale 
bars are * SE. diploid males and  females were normal and 
about 98-100%  eggs were fertilized. Em- 
bryo survival to YSR ranged from 62.5 to 
93.7%  and all  individuals were normal 
diploids (2n=44). For  0. aureus, Penman 
et al. ( 1987) observed no viable progeny 
from crosses between triploid males and 
diploid females. 
This study has confirmed that both Fe- 
male and male triploid 0.  niloticusare func- 
tionally and  reproductively sterile. Such 
reproductive sterility in mixed-sex culture 
of Oreochromis spp. would improve pro- 
duction by preventing precocious sexual 
maturation, particularly in  ponds. The use 
of sterile triploid fish could also be a way 
to  avoid the risk of gene introgression from 
farmed stocks into native wild stocks. Wide- 
spread use of triploid tilapias will depend 
upon techniques to produce large numbers 
at a reasonable cost. 
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Abstract 
The slze at first sexual maturlty, absolute fecundity and egg and spawn weight were compared 
in Females of Sarotherodon melanotheron (Rijppel.  1852) collected in the wlld (EbriC Lagoon) and 
reared in different lagoon culture conditions: Intensive Farming in pens and extensive farrnlng in 
"acadja-enclos" (pens fitted wlth branches or bamboo poles). 
In  pens, females reach maturlty at a smaller sire and produce smaller eggs and in  larger quantltles 
than in the wild. In "acadja-enclos" where conditions are intermediate between intenslve culture 
and natural conditions, an Intermediate situation is also observed in fecundity and in the slre of 
eggs produced. However, the slze at first maturity is similar to that observed in the wild. 
In contrast,  the relationships between spawn weight and Female weight hardly vary with the 
different growth environments. These results suggest that the quantity of matter produced during 
a breeding cycle (based on  the spawn weight) is a specific constant that may be genetically determlned. 
Environmental conditions have an effect on the gonadal material division process and on  the breeding 
strategy: many small eggs or large ones but Few. 
Sarotherodon melanotheron (Riippel , 
1852)  is a typical estuarine species found 
in  large quantities in  most West Afri- 
can lagoons and estuaries where it lives 
"Current address: ORSTOM, Kemang lndah Kav. 12, 
]I. Kemang Selatan  1, 12730 Jakarta, Indonesia. 
and breeds in  a wide range of  salinity 
conditions (0-90 ppt: Albaret  1987). 
Its potential  for aquaculture has been 
noted by several authors (Pauly 1976; 
Sivalingam  1976: Legendre  1983). 
However, the different tests done in 
intensive culture conditions using ar- 
tificial Feeds yielded disappointing re- 
sults (slow growth and poor feed con- 
version), making this species at present 
a poor candidate for this type of  cul- 
ture (Legendre et al. 1988). What seems  to  be giving more prom- 
ising results is  the extensive farming 
of 5. melanotheron  In  "acadja-enclos" 
(Hem 1992), a farming system derlved 
from the highly productive tradltional 
fishery in acadjas developed in the la- 
goons of  Benin  (Welcomme 1972). 
Acadjas are organized stacks of branches 
submerged in  shallow lagoon waters 
where some  species of the natural stock. 
including 5. melanotheron, converge and 
multiply. The power of these structures 
to attract fish seems to result, on the 
one hand, from a  significant increase 
in the  surfaces on which microfauna and 
epiphytes (source of food for fish) de- 
velop and, on the  other hand, from their 
function as  shelter. Based on the same 
principle, the objective of the "acadja- 
enclos" is  to promote the growth of 
natural food in the culture environment, 
hence considerably reducing the need 
for artificial feed and, consequently, the 
costs of  production (Hem 1992). The 
first extensive culture experiments us- 
ing the  "acadja-enclos"  technique have 
given encouraging results: annual fish 
yields of over 8 t.ha7',  of which 60-90% 
composed of  S. melanotheron, are pos- 
slble without adding any artificial feed 
(Legendre et al. 1988; Hem 1892; Hem 
and Avit, this vol.). 
Considering this new orientation given 
to  the  culture of S. melanotheron, it may 
be useful to specify the major charac- 
teristics of  the reproduction of this spe- 
cies in this particular environment. In 
the present work, the size at first ma- 
turity, the absolute fecundity, the egg 
and spawn  weight have been estimated 
for two  different "acadja-enclos"  designs 
(stacks of branches or bamboo poles). 
Results are  compared to  those of a pre- 
vlous analysis of the reproduction of  5. 
melanotherun based on samples col- 
lected In  the wlld (EbriC Lagoon) and 
in Intensive pen culture (Legendre and 
Ecoutin 1989).  Whether in  the wild or 
in culture conditions, sexually mature 
females of S. melanotheron display suc- 
cessive breeding cycles throughout the 
year without interruption. 
Materlals and Methods 
All  culture experiments were con- 
ducted at  the Layo Aquaculture Station, 
40 km west of  Abidjan, in  an oligo- 
mesohaline area of  the EbriC  Lagoon 
(Cbte d'lvoire). 
Fish  Origins and Cuiture Conditions 
Four populations of  S. melanotheron 
were studied: one natural population, 
one population reared in pen using ar- 
tificial feed and two populations reared 
in two different "acadja-enclos"  with no 
complementary feed. 
Wild  specimens were collected in 
oligohaline areas of  the western part 
of  EbriC Lagoon. They were bought di- 
rectly  from lagoon fishers soon after 
capture and dissected the same  day in 
the laboratory. 
The intensive culture of 5. melanotheron 
of different sizes was conducted in asso- 
ciation with Tllapia guineensis in a 625- 
mZpen  without acadja, at  an initial stocking 
density of 5 individualsm-=.  Flsh were given 
pelleted feed with 3  1% crude proteins 
(Legendre 1986),  distributed twice daily 
six days a week at  a daily ration of 5% of 
total fish biomass. Initially, these fish were 
captured in the  station ponds  which they 
had spontaneously colonized from the 
lagoon (Albaret and Legendre 1983).  Test 
fish were both individuals that penetrated 
the ponds while at  the fry  stage  and first 
generation fish hatched in the ponds. 
In  the first "acadja-enclos," an artlflcial 
reef made of 200 stacks of  branches was 
submerged in an area covering 200  m2  in 
a 625-mZ  pen. This structure was stocked 
with  1,000 individuals of  cultured S. melanotheron (initial mean body weight = 
40  g) at a density of 1.6 fi~h.rn-~. 
The second "acadja-enclos"  was made 
of 4,000 bamboo poles planted verti- 
cally in the sediments in an area cov- 
ering 800 mz in  a  1,250-m2  pen. This 
structure was stocked with 4,000 ju- 
veniles of cultured 5. melanotheron with 
initial  mean body weight of  5 g at a 
stocking density of 3.2 fi~h.m-~. 
The juveniles used to  stock the "acadja- 
enclos" were produced from broodfish 
initially captured in  the EbriC  Lagoon 
and frequently renewed with wild  in- 
dividuals. 
SampIing and  Study 
of  the Fish Reproduction 
Monthly samplings of over 30 indi- 
viduals were  taken simultaneously in the 
wild  and in  the pen over a period  of 
16  months, between  1982 and 1983. 
In the two "acadja-enclos."  fish were all 
harvested in one  harvest, 12 months after 
stocking. In  both cases, observations 
were made on a sample size of approxi- 
mately 250 individuals. The first "acadja- 
enclos"  was harvested in November 1986 
and the second in March  1988. 
In  all  cases, fork  length (FL41 mm) 
and weight (We1 g) were estimated 
for each individual. Sexual maturity was 
determined by macroscopic examina- 
tion of the gonads using the scale de- 
fined by Legendre and Ecoutin (1  989). 
After dissection, gonads  were weighed 
to the nearest 0.1 g  to estimate the 
gonadosomatic index (GSI =  [gonadal 
weight x  loo]/ fish weight). 
The size at first sexual maturity (L,,) 
is defined here as  the fork length at which 
50°h of the Fish are sexually mature, i.e., 
their first sexual cycle is at an advanced 
stage (ongoing vitellogenesis for the 
females or presence of  intratesticular 
sperm for the males). Moreover, in or- 
der  to determine the size range in which 
first maturity is likely to  occur, it is useful 
to  specify, in addition to  L,,,  the length 
of  the smallest mature individual as  well 
as  the size at which nearly all (95%)  the 
observed fish are at  an advanced stage 
of maturity. 
Fecundity, determined from the ovaries 
of  females at the end of  the matura- 
tion process, represents, in this study, 
the number of oocytes belonging to  the 
modal group with the largest diameter. 
This group of oocytes is clearly distin- 
guished from the rest of the egg  popu- 
lation and corresponds approximately 
to the ova that will  be spawned. The 
mean weight of the eggs  was determined 
by weighing (to the nearest  1  mg) 50 
oocytes carefully cleared of  all  traces 
of superficial moisture using absorbent 
paper. The spawn weight (i.e., the to- 
tal  weight of  oocytes ready  to be 
spawned) was estimated by the prod- 
uct: fecundity x  mean weight of  one 
oocyte. The estimation of  the spawn 
weight being relevant only in individuals 
with completed oocyte development, 
oocyte mean weight was determined 
only for females with a GS1>5. No re- 
lationship existed between the oocyte 
mean weight and GSI  as defined here 
in 5.  melanotheron studied here (unpubl. 
data). 
The  mean  oocyte  weight  of  5. 
melanotheron in the four environments 
was compared using one-way ANOVA 
and the Duncan multiple range test. The 
relationships  between fecundity and 
female weight, on the one hand, and 
between spawn weight and female 
weight, on the other, were compare? 
using covariance analysis applied to  the 
slopes of the regressions. Results 
Size at First Sexual Maturity 
(Fig. I, Table I) 
In  pen culture conditions with artifi- 
cial feed, females of  S. me/anotheron 
reach maturity at a  much smaller size 
(L,,=  140  mm)  than that observed in the 
wild  (176 mrn). A  higher proportion 
of  small, sexually active individuals is 
also observed in the pen population (Fig. 
1). In  contrast, the size at first sexual 
maturity of the populations of the two 
"acadja-enclos"  is  high  ( I66  and 
189  rnm), bracketing the values for 
females in  the natural  environment. 
Results indicate, furthermore, that first 
sexual maturity occurs at a similar size 
in males and in  Females (Table 1 ). 
Fecundity, Egg and Spa  wn  Weight 
(Figs. 2 and 3, Table 2) 
NATURAL AND PEN-CULTURED  POPULATIONS 
In  the wild as in  pen culture condi- 
tions, the absolute fecundity and the 
spawn weight are positively correlated 
with the body weight of the females (Fig. 
2). However, in  both cases, the esti- 
mated correlation coefficients between 
spawn weight and body weight are 
higher than between fecundity and 
weight of female (Table 2). In  each en- 
vironment, individual  fecundity varia- 
tions are  compensated, in terms of spawn 
weight by chances in  opposite direc- 
tion of  egg weights. Egg  weight and 
fecundity  are  thus inversely related such 
that for equal weight, females show- 
ing the highest fecundity produce smaller 
eggs (Fig. 3, based on the natural 
populations of females). 
There are  significant differences in the 
reproductive characteristics of  the natural 
and pen-cultured  populations of  5. 
melanotheron. For an equal weight of 
female, the eggs produced  in  culture 
conditions are systematically smaller and 
produced  in  larger quantities than in 
natural conditions. In contrast. relation- 
ships between spawn weight and female 
body weight are equivalent in  both 
environments (Fig. 2 and Table 2). 
COMPARISON WITH THE  "ACADJA-ENCLOS" 
POPULATIONS 
In  the "acadja-enclos" system, con- 
trasting with the previous description, 
the correlation coefficients between 
spawn weight and female body weight 
are not higher than between fecundity 
and female body weight (Table 2). How- 
ever, this may be due to the smaller 
number of females considered in the es- 
timation of spawn weight'(females  with 
GSI>5 only). 
In  both "acadja-enclos" (Fig. 3),  the re- 
lationships between fecundity and weight 
of  female are similar. In  contrast, these 
relationships are clearly intermediate with 
those observed in  pens and in the wild, 
differing significantly by the slope or by 
the position (P<0.001).  Additional obser- 
vations (unpublished)  have shown that the 
fecundity of S. melanotheron  varies with 
season and is  slightly higher in  the dry 
than in the rainy season. Individuals (la- 
goon and pen populations) considered for 
this study were sampled throughout the 
annual cycle-and  therefore reflect this 
seasonal variability-while  sampling for 
the "acadja-enclos"  experiments was done 
at  specific intervals. It is clear, however, 
that the difference in fecundity observed 
between the females from the "acadja- 
enclos" and the females from the other 
two environments exceeds that which 
could be due  to  seasonal variability, there- 
fore reflecting a real difference between 
populations. 
The mean egg weight of  the females 
reared in "acadja-enclos"  no. 1 (1  9 mg) Table 1. Size at first maturity (fork length) observed In Sarotherodon 
melanotheron collected in  the wlld  (Ebrl.5 Lagoon) and in  two 
different  culture systems (pens  and "acadja-enclos"). 
No. OF fish  SMI'  bob  LC 
Environment  Sex  observed  (mm)  (rnrn)  (rnrn) 
Lagoon  F 
M 
Pens  F 
M 
'SMI:  smallest mature individual. 
'L,,:  size at which 50% of the fish are sexually mature. 
'L,,:  size at which 95%  of the fish are sexually mature. 
Pens 
50 
"&d)o-enclos'  No. 
Length (FL;mm) 
Flg. 1. Size at first sexual maturity in Fe- 
males of  Sarotherodon melanotheron in 
different  environments. Table 2. Relationships between fecundity (F) and weight (W)  of female; between spawn weight (5) 
and welght of female; and mean egg welght in Sarotherodon melanotheron collected in the wild 
(EbrlC Lagoon) and in two different culture systems (pens and "acadja-enclos"). 
Relatlonshlp  Mean egg  95% ConF. 
Environment  N  (regression)  r  weight (mg)  Int. (+) 
Lagoon  3 1  F--15.0+1.72  W  0.87 1 
3 1  S= 1.60+0.041 W  0.963  28.03  1.90 
Pens  46  F=203.9+2.61 W  0.777 
46  5=0.32+0.045 W  0.939  12.06  1.28 
OLI..  I  I  I  I 
0  200  400  ew  ew  1.000 
Body  weight  (g 
Body  welpht  lpl 
0  200  400  600  800  1.W 
Body  wslght  (01 
1  I  I  I  I  I 
1  678910 
GSI  191) 
Body  weigh1  (gl 
Fig. 2. Compari- 
son of the rela- 
tlonships fecun- 
dity-weight of fe- 
male,  egg 
weight451 and 
spawn welght- 
weight of female 




ments: A, natu- 
ral envlronment 
(Ebril Lagoon): 
8,  pens:  C. 
"acadja-enclos" 
no.  1:  and  D, 
"acadja-cnclos" 
no. 2. Left pan- 
els: data points 
and llnes for  A 
and 8; rlght pan- 
els: lines for  A- 
0,  data points for 
C and D. Fig. 3. Relatlonship between fecundity and egg 
weight In  female Sarotherodon melanotheron in 
the natural environment (Ebrle Lagoon). Each data 
pair (fecundity,  egg  weight) placed on the same 
vertical llne corresponds to one female. lndlvldual 
variations in  fecundity and egg weight show a 
mirror  effect. 
also shows an intermediate positlon 
(P<O.OS)  in  comparison with that of 
females cultured in  pens (12  mg) and 
females in  the natural  environment 
(28  mg; Fig. 2). For females reared in 
"acadja-enclos"  no. 2,  mean egg weight 
does not differ significantly from that 
observed for females cultured in pens 
or in  "acadja-enclos" no.  1. Other ob- 
servations have shown that egg size 
tends  to  increase with the  weight of the 
fish, up to about 100 g, then reaches 
a plateau. Thus, for the pen population 
where the sample included few small 
individuals (Fig. 2),  the  mean egg weight 
(1  2.06 mgk4.20) was slightly under- 
estimated and became 13.35 mg~3.70 
when only individuals weighing over 
100 g were considered. This, however, 
does not invalidate our previous con- 
clusions concerning the comparison 
between different populations. 
The relationships between spawn 
weight and body weight are  considered 
equivalent regardless of the origin of 
the Females (Table 2: Fig. 2) as-there  is 
no significant difference between the 
regression lines estimated for the four 
environments (natural environment, pen 
culture with or  without complementary 
feed)  either in the  slope  or in the  posi- 
tion. In  contrast to Fecundity and egg 
size, spawn weight appears here as a 
variable that is independent of  the en- 
vironment of the Fish. 
Dlscusslon 
In  this study, all fish have the same 
origin-the  Ebrie Lagoon, i.e., do  not 
originate, for the cultured individuals, 
from a strain of  broodfish long isolated 
from the natural population.  In  addi- 
tion, it seems  that even when the "acadja- 
enclos" is artificially stocked,  part of  the 
population is  composed of  wild indi- 
viduals that entered into the structure 
as  juveniles and grew there until  the 
nets could no  longer let them through 
(Hem, pers. comm.). It  is  considered, 
therefore, that all fish studied under this 
experiment are genetically similar, and 
the differences observed in their breeding 
characteristics seem to be adaptive 
(phenotypic) responses to  the different 
environments. 
Size at First Sexual Maturity 
In pen culture conditions, the size at 
first sexual maturity (L,,)  is much smaller 
than that observed in  Ebrie Lagoon. In 
contrast, first maturity in  the "acadja- 
enclos" occurs at a size similar to  that 
of  the natural  population of  females, 
slightly smaller in  one instance and 
slightly bigger in the other. 
The Fact  that the surface areas and 
the sites For  pens and "acadja-enclos" 
are similar indicates that neither cap- 
tivity in the Layo site nor available vi- 
tal space (in terms of enclosed lagoon 
volume) seems to  be responsible For the 
significant decrease in L,,  observed in 
intensive culture. Lowe-McConnell  ( 1982)  reported that, 
in  Oreochromis  niloticos,  natural 
populations composed of  individuals 
with a low weight for thelr length tend 
to  reproduce at a size smaller than that 
observed for populations composed of 
individuals  in  better condition. The 
present study yielded  similar results: 
fish with a low weight for length had a 
smaller size at first maturity  (Fig. 4). 
Although these results suggest a trophic 
effect in  the determinism of  sexual 
maturity, they do  not imply that food 
supply is  the only important factor. 
Although authors are not unanimous 
on the subject (see Noakes and Balon 
1982), it is  generally agreed that in 
tilapias, the reduction of the size and 
age at first sexual maturity is an adap- 
tation to  adverse life conditions (Fryer 
and lles 1972:  Ruwet et  al. 1976;  Lowe- 
McConnell 1982).  This tends to  be sup- 
ported by the poor condition observed 
for fish reared in pens which also dis- 
played the lowest L,,. 
In  intensive culture conditions,  S. 
meianotheron's  first sexual maturity 
occurs at  the age  of six to eight months. 
But in the absence of data on the growth 
of  this species in  EbriC  Lagoon or in 
"acadja-enclos,"  it is not clear whether 
the differences in  L,,  result from a dif- 
ference in  growth or are also coupled 
with a difference in age at first matu- 
rity. Eyeson ( 1883) reported that when 
fish are kept in captivity, S. melanotheron 
can be sexually active as early as four 
to six months at a size as small as 4- 
5 cm (standard length). 
Fecundity and Egg  She 
This study shows  two distinct fecun- 
dity levels with variations observed 
between individuals of a same popula- 
tion and strong variations observed 
between populations. At the intraspe- 
cific level, results showed that for fe- 
males of  equal body weight, variations 
in fecundity are coupled with a varia- 
tion of  egg weight in the opposite di- 
rection, thus confirming the observa- 
tions of Peters (1963)  on  the same  spe- 
cies. This also applies to interspecific 
comparisons: females from populations 
with the highest fecundity levels also 
produce the  smallest eggs. This balance 
between fecundity and egg size results 
in  a  relationship between individual 
spawn weight and weight of  female that 
remains unchanged regardless of  the 
population considered. The quantity of 
matter produced during a breeding cycle 
(based on spawn weight) is. therefore, 
a specific constant that may be deter- 
mined genetically, the environment in- 
fluencing the division of  the gonadal 
material and the breeding strategy: many 
small eggs or few large ones. 
At the interspecific level, the exist- 
ence of an opposite relationship between 
fecundity and egg size is  well-known 
in fish (Bagenal  1978; Mann and Mills 
1979; Albaret 1982: Elgar  1990). This 
balance between the number and size 
of  eggs produced was also shown or 
suggested for different groups or popu- 
lations of a same  species (Mann and Mills 
1979; Springate et al.  1985: de Silva 
1986).  However, this balance does  not 
seem to  exist in all species studied (Mann 
and Mills 1979).  To our knowledge, there 
is no  other clearly demonstrated example 
where the compensation number/size 
of eggs observed for various populations 
of  the same species implies a constant 
spawn weight. Variations in fecundity 
have sometimes been analyzed in con- 
nection with variations in GSl this gives 
only an approximate measurement of 
the reproductive effort and can change 
with the number or the stage  of devel- 
opment of  the groups of  young oocytes 
which, apart From  those that wlll  be 
spawned, are present in  the gonads 
(Scott 1979; Mann et  al. 1984). 'kodja-  enelos' I 
Ebri6 Lagoon 




Weight  (g) at length of  200  mm 
Fig. 4. Relationship between the size  at Flrst  sexual  maturity (L,,)  and  the condition  (weight at 
length) of females of Sarotherodon melanotheron In different environments: natural (EbriC Lagoon) 
or culture (pens, "acadja-enclos"  nos.  1  and 2)  envlronrnents.  The condition  is  here estimated by 
the weight of a fish  at  FL=200 mm. This weight is  estimated  by  the  length-weight  relationship 
estimated for each environment. 
Three physiological processes are likely 
to cause variations in  fecundity: the rate 
of oogonia multiplication, the recruit- 
ment  of  oocytes  beginning  vitel- 
logenesis and the atresia of part of  the 
developing oocytes  (Springate et al. 
1985).  Observations of  the ovaries of 
prespawning females of S. melanotheron 
From  the four environments have gen- 
erally shown atresia. The exact proportion 
of  atresia has not been determined but 
it is always low, which compares well 
with the condition reported by  Peters 
( 1963) in  Sarotherodon galilaeus. These 
observations, however, do not consider 
the potential  extent of  atresia at dif- 
ferent stages of  oogenesis and the sig- 
nificant effect  that it  can  finally  have 
on fecundity. 
Townshend and Wootton  (1  984) re- 
ported that in  laboratory conditions, the 
egg size of  Cichlasoma nigrofasciatum 
increased with increasing spawning in- 
tervals. Thus, in  the present study, the 
higher egg weight and lower fecundity 
levels observed in  wild  females could 
be explained by the combined effect of 
longer spawning intervals and higher 
levels of  atresia (or the same level over 
a prolonged period) compared to what 
has been observed in  cultured females. 
While  the mean  spawning interval  of 
S.  melanotheron cultured  in  tanks  is 
approximately two weeks (Legendre and 
Trebaol, this vol.), there are no avai- 
lable data on the spawning frequency 
of  this species in  the wild. The rate of 
oocyte recruitment and the atresia level can, however, vary simultaneously with 
certain  environmental  factors. 
Townshend and Wootton (1  984) attrib- 
uted the low fecundity of C.  nigrofas- 
clatum reared with restricted feeding 
regimes both to a decrease in recruit- 
ment and to an increase in atresia. At 
present, the relative importance of these 
processes in  the control of fecundity is 
not very well-understood in  fish and can 
vary wlth species (Springate et al. 1985). 
Several scenarios are therefore possi- 
ble to explain the responses observed 
and may involve different rates in  oocyte 
growth. An in-depth, histological com- 
parative study of the ovarian develop- 
ment of S. melanotheron maintained in 
different environments would be nec- 
essary to clarify this problem. 
Among the external factors likely to 
have an effect on the production OF eggs, 
feeding has been the subject of the larg- 
est number of experiments in fish.  A 
decrease in absolute fecundity is gen- 
erally observed with a reduction of feed- 
ing levels (Bagenal  1969.3;  Wootton 
1979:  Billard and de Fr4mont  1980; 
Springate et al. 1985). Wootton ( 1982) 
indicated, however, that considering the 
positive relationship between fecundity 
and size OF females, the effect of feed 
on fecundity  can be difficult to sepa- 
rate from that resulting From a simple 
difference in growth and therefore in 
fish size. For Cichlidae, Mironova (1  977) 
reported  that,  in  Oreochromis 
mossambicus, a decrease in feeding 
levels had a limiting effect on growth 
and reduced the number of eggs pro- 
duced per spawning,  but increased 
spawning frequency and total number 
of eggs produced. In C.  nigrofasciatum. 
Townshend  and Wootton (1984) also 
observed a decrease in fecundity at the 
lowest feeding levels. In our study, it 
is therefore  difficult to suggest inad- 
equate feeding to explain both the low 
condition and the~high  fecundity of the 
fish reared in pens. Since high levels 
of feed (5% of fish biomass) were dis- 
tributed daily to the fish reared in  pens, 
this raises questions about feed qual- 
ity rather than quantity. In  addition, al- 
though the feed is natural and appar- 
ently found in sufficient quantity in  the 
"acadja-enclos" and in the lagoon, this 
does not exclude possible differences 
in the nature and nutritional quality of 
the organisms (animals and plants) avail- 
able for fish in both environments. 
The effect of the dietary proteins on 
the production of eggs and fry was stud- 
ied recently in various species of tilapias. 
In S.  melanotheron, CissC  (1988) did 
not observe any significant difference 
either  in spawning frequency  or  in 
number of eggs produced per spawn- 
ing  with varying protein levels, which, 
however, could be explained by the small 
number of fish used in this study. San- 
tiago et al.  (1985) and Chang et al. 
(1  988), studying 0. niioticus and the 
red  hybrid  (0.  mossambicus  x  0. 
niioticus), respectively, showed a sig- 
nificant increase in the production of 
fry by broodfish fed with a protein-rich 
diet. Although there was no direct evi- 
dence, these  authors attributed this 
response  to an  increase in spawning 
frequency and fecundity due, in turn, 
to a higher weight of female.  In a de- 
tailed study, Wee  and Tuan  (1988) 
analyzed the reproductive characteris- 
tics of 0. niloticus fed ad libitum with 
five isocaloric feed containing 20-50% 
proteins. They showed that fish fed with 
a lower or intermediate protein diet (20- 
35%) had a higher fecundity and pro- 
duced smaller eggs than fish fed with 
a higher protein diet (42-5096).  In ad- 
dition, Fish  receiving a feed relatively 
poorer in proteins had a higher spawning 
frequency. These results contrast with 
those of studies previously cited, but 
tend to confirm the notion of a com- 
pensation between fecundity and egg size, and conform to  the general trend 
of our observations. These results could 
also suggest that natural feed consumed 
by S. melanotheron in the lagoon or in 
the "acadja-enclos" has, in Fact, a higher 
protein content than the artificial feed 
(31%)  distributed in the pens. 
Other environmental factors such as 
reduced vital space, increased density 
or repeated harvests (in pens) may con- 
stitute factors of stress and directly or 
indirectly affect  the production of eggs. 
For example, the  varying fecundity levels 
observed between different Sri Lankan 
reservoir populations of 0.  mossambicus 
do not seem to be related to feeding 
levels, but are positively correlated with 
the fishing pressure applied to the 
waterbodies (de  Silva 1986). 
In  addition to Feeding levels, the or- 
ganization  of  the available vital  space 
constitute the major difference between 
pens and "acadja-enclos." While pens are 
limited areas of open waters, the stacks 
of branches or bamboo poles placed  in 
"acadja-enclos"  multiply the hide-outs and 
shelters which can have an effect on the 
behavior of this territorial species and on 
the social interactions among individu- 
als. In  this study, since the surface areas 
covered by "acadja-enclos" and pens are 
similar, the perception that the fish have 
of the available vital space seems to be 
more important than the actual space avail- 
able. In  Ebrie Lagoon, mangroves or bay 
zones strewn with decomposing branches 
constitute the preferred biotopes for S. 
melanotheron  (Albaret, pers. cornm.). Since 
the "acadja-enclos"  can be viewed as an 
intermediate environment between the 
natural environment and the pen, it is not 
surprising that the fecundity of this spe- 
cies is  also intermediate in  this particu- 
lar environment. 
This discussion implies that the varia- 
tions observed in the reproductive strat- 
egy of  5. melanotheron are most certainly 
due  to  a combination ofthe  different factors 
mentioned above (and perhaps others) 
rather than to  a single Factor. This is also 
illustrated by the comparison of the re- 
productive characteristics observed in this 
species in  the natural environment and 
in  "acadja-enclos" no.  1. In  this acadja, 
fecundity (for an equal female weight) is 
significantly higher than in the lagoon (Fig. 
2) while size at first maturity and fish 
condition (weight for length) are similar 
(Fig. 4).  This suggests, on the one hand, 
that reduced size at First maturity and high 
fecundity do  not necessarily go  together 
and, on the other hand, that these char- 
acteristics may be influenced  by  differ- 
ent proximate factors. 
In  aquaculture, early sexual maturity 
and high  fecundity are two negative 
characteristics for fish in the grow-out 
phase because of the resulting prolif- 
eration of  Fry  and the likely  stunting 
effects. In  contrast, these characteris- 
tics are positive in tilapia broodfish stock 
management as the production  of  fry 
can be optimized. However, as  increased 
fecundity is  negatively related to egg 
size, a negative effect on the fry sur- 
vival rate is  to be expected. It is  well- 
known that in the wild, larvae from small 
eggs are smaller and their chances of 
survival are reduced (Bagenal 196913, 
1978;  Mann and Mills 1979).  However, 
in culture conditions where Fish are more 
protected, there is no indication OF dif- 
ferences in survival rates between lar- 
vae or juveniles  produced  from eggs 
OF different sizes (Billard and de  FrCmont 
1980: Springate et al.  1985). In  5. 
melanotheron,  a  high  rate of  survival 
has been observed in  the larvae from 
the smallest eggs  produced by females 
cultured in pen. Mortality is  low dur- 
ing the mouth-brooding phase (Legendre 
and Trebaol, this vol.) and there is still 
about 95%  fry survival after four weeks 
of culture in  tanks (Legendre 1983). 
To conclude, the present results il- 
lustrate the remarkable Flexibility of the reproduction of S. melanotheron under 
varying environmental conditions. Im- 
portant variations are observed for size 
at  first maturity, fecundity and egg size 
except for spawn weight which remains 
constant. 
In  intensive farming (using artificial 
feed), S.  melanotheron reaches matu- 
rity at a smaller size and produces more 
eggs and smaller ones  than in the wild. 
In  "acadja-enclos"  where conditions are 
intermediate between intensive farm- 
ing and the natural environment, an 
intermediate situation is also observed 
for fecundity and egg size, the size at 
first maturity remaining similar to  that 
observed in the wild. 
However, taken together, the results 
of this study are not sufficiently explicit 
to  imply any causal effect between the 
different environmental factors involved 
and the reproductive characteristics. In 
tilapias, knowledge on the nature, role 
and possible interactions between the 
external factors (biotic  and abiotic) in- 
volved  in  the control of the different 
stages of  gametogenesis is still gener- 
ally  insufficient. An  experimental ap- 
proach  remains necessary and could 
greatly contribute to the understand- 
ing of the adaptative strategies devel- 
oped by these species. Furthermore, this 
approach could also, in time, contrib- 
ute to  an improvement in breeding prac- 
tices through a  better control of  the 
influence these external factors have on 
fecundity, spawning frequency and first 
sexual maturity. 
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Abstract 
In Sarotherodon melanotheron, mouthbrooding efficiency and spawning frequency are two Important 
parameters to consider in the practical management of broodfish reared In  captivity. In this species, 
where males practice mouthbrooding, the number of eggs or Fry  incubated is positively correlated to 
male body weight (study made on a population reared in  lagoon pens). Mouthbroodlng efficiency Is 
discussed in relation to female fecundity,  the capacity of the males' mouth, the development stage of 
the incubated fry and the size ratio between males and females during pairing. 
Individual spawning Frequency was studied in concrete tanks  wlth isolated pairs and familles of 
different sex  ratlos.  While sex  ratlos shifted toward the males do not increase spawnlng frequency 
slgniRcantly, sex ratlos shiHed toward the females decrease it  considerably. The most suitable sex ratio 
for the production of fry of S. melanotheron in captivity Is  1:l.  Using this sex  ratio, mean individual 
spawning intervals are generally 10-16  days. Annual egg production  OF this species is estimated. based 
on long periods of observatlon (1  74-587 days) using isolated palrs. 
Contrary to what has been observed 
for most cultured fish species, tilapias re- 
produce spontaneously and rapidly in cap- 
tivity.  Improved reproduction  manage- 
ment and planning of fry production for 
Fish culture rely on the  assessment of egg 
production of  each species. In  sexually 
mature fish, egg production is measured 
using the number of  fry  produced  per 
spawning episode and the spawning in- 
tervals. 
'Current  address:  ORSTOM,  GAMET.  Groupe 
aquaculture  continentale  mediterraneenne  et 
tropicale,  BP 5095,  34033 Montpellier Cedex  1, 
France. 
In mouthbrooders (genera Oreochromis 
and Sarotherodon),  the number of fry pro- 
duced in each spawning depends, in turn, 
on two elements, namely, female fecun- 
dity  and  successFul  mouthbrooding 
(Welcomrne 1867: Marshall  1979).  The 
latter point is very important when mouth- 
brooding is  practiced  by the male as is 
the case in  Sarotherodon me/anotheron. 
Here, the mouth capacity can be a limit- 
ing factor for the incorporation of the  brood 
in  the mouth and for the development 
of  the offspring aHer hatching (Aronson 
1  949). 
In the present study, efficiency of mouth- 
brooding was studied in S. melanotheron 
in relation  to the fecundity of females, 
the mouth capacity of the  males, the  stage of development of the incubated fry and 
the size ratio between males and females 
during pairing. Spawning frequency was 
observed in concrete tanks using isolated 
pairs of fish and families of different sex 
ratios. Based on these observations, the 
annual egg production of 5. me/anotheron 
was estimated. 
In this species, contrary to other mouth- 
brooding tilapias, protective parental 
behavior is  abruptly  interrupted upon 
release of  the swim-up  fry, which then 
becomes totally  independent (Aronson 
1949: Lowe-McConnell  1955). 
Materials and Methods 
The study was conducted at the Lzyo 
experimental Ash  culture station, 40 km 
west of  Abidjan, in  an oligomesohaline 
part of  Ebrie Lagoon (Cbte d'lvoire). In 
Layo, seasonal salinity ranges between 
0  and 10 ppt with a mean monthly water 
temperature of  27-32°C and pH values 
ranging between 6.5 and 7.5. 
Mo  uthho  o  ding 
Female Fecundity and the number of eggs 
or fry incubated by the males were stud- 
ied in  a population  of  5.  melanotheron 
of  dlfferent sizes reared in  a 625-m2 la- 
goon pen with an initial  stocking den- 
sity of 5 individuals.m-'. The fish were fed 
with pelleted feed containing 3  1  Oh crude 
proteins, distributed at  a daily rate of 5% 
of fish biomass. 
Fish fecundity was studied as described 
in Legendre and Ecoutin (this  vol.). Male 
brooders (n=  1  27), identified underwater- 
using diving equipment-by  the charac- 
teristic deformation of their mouth, were 
captured individually with a handnet and 
immediately placed in a basin where the 
offspring was generally spat out right away. 
These males were Idled soon afterwards, 
weighed to the nearest 1 g and dissected 
to count the number of  fry  swallowed 
during capture. In  some, the mouth ca- 
pacity was determined by filling the mouth 
with a silicone paste using a method similar 
to that described by Drenner (1972).  The 
dry casts were then removed and cleaned 
while their volume was measured by the 
displacement of  water in  a graded test 
tube. 
Eggs and fry were preserved in 4% for- 
malin and counted individually. Six arbi- 
trary stages,  visible to  the naked eye, were 
considered to characterize the develop- 
ment stage of each clutch (Table 1  ). The 
mean volume of  eggs or fry was deter- 
mined using batches of 50 individuals in 
a graded test tube and the total volume 
of the clutch was estimated using the prod- 
uct: number of  eggs or fry  incubated x 
mean volume OF the Fry. 
Spa wnhg Frequency 
ISOLATED PAIRS 
Spawning frequency or the time inter- 
val  between two successive spawning 
episodes was first studied in  Four  pairs 
of  fish  placed in  Four  different concrete 
tanks (4  m2: water depth = 0.5 m) us- 
ing lagoon water. These pairs, composed 
of broodfish of different sizes (1  20-270 g) 
and given feed containing 31% crude 
proteins at a daily rate of 3% of the fish 
biomass, were observed over a period of 
174-587 days. Each week, the tanks were 
drained and spawnings were recorded. 
Eggs or swim-up fry were removed From 
the mouth of  the males and counted in- 
dividually. The actual spawning date  was 
estimated based on the development stage 
of the offspring collected. In all cases, the 
ofkpring were removed from the tanks. 
FAMILIES OF  BROODFISH 
In  a second experiment conducted in 
similar conditions over a period of 76 days, Table  1. Definition of arbitrary stages used for the characterl~tion  of ontogenic development of eggs and 
fry incubated by the males of Sarotherodon melanotheron, details of with the mean age, size and volume of 
eggs and Fry:  figure In parentheses are ranges of mean values. 
Stage  Description  Age  (days)"  Size  (mm)b  Volume  (ml) 
1  From fertilization to 
forrnatlon of rnelanophores 
2  From  first  rnelanophores to 
pigmentation of the  eyes 
3  From pigmentation 
of the eyes to hatchlng 
4  From  hatching to  first 
phase of yolksac absorption 
5  Second  phase 
of yolksac absorption 
6  Swlrn-up 
stage 
p~ 
"Age post-fertilization:  based on  Shaw  and  Aronson  (1954) and Shaw  (1956). 
bMean diameters for  eggs;  total  length for  fry. 
spawning frequency was compared in 
families composed of  10 individuals of 
simllar weight (200-230 g) with difer- 
ent  sex ratios (F:M): 5:5; 9: 1 ;  and 1 :9  (two 
replicates per treatment). Two additional 
pairs were placed in two concrete tanks 
and observed during the same  period. Each 
week, all tanks were drained and the  fish 
with eggs in their mouth were counted. 
Several times during draining, some fish 
spat out the eggs which were immedi- 
ately cannibalized by the other fish in the 
tank. Because of this, the number of eggs 
produced  by the families could not be 
determined. This problem did not occur 
with the isolated pairs as  capture was easier 
and faster. At the end of the experiment, 
all individuals were killed for macroscopic 
examination of the gonads. 
Results and Dlscusslon 
Mouthlrroocllng Efficiency 
Of the 127 males sampled from the pen 
population, 30% swallowed part of  their 
brood during capture. This indicates that 
the stomach of the fish should be rou- 
tinely examined to obtain an accurate 
estimate of  the  number of incubated eggs 
or fry. One male swallowed nearly half 
of its brood (207  newly hatched individu- 
als). However, in most cases, the number 
of  eggs found in  the stomachs did not 
exceed 5% of the total offspring. 
A positive linear relationship (r = 0.793) 
was found between the number of incu- 
bated eggs or fry and the weight of the 
male brooders (Fig. 1  ). Covariance analysis 
was  used to  compare the regression lines 
between incubated stock and weight of 
the males, on the one hand, and fecun- 
dity and weight of  the females, on the 
other hand. No difference was found be- 
tween slopes; in contrast, the  Y intercepts 
differed significantly. The two regression 
lines can therefore be considered paral- 
lel (Fig. 1).  This result suggests  a prefer- 
ential size ratio between males and fe- 
males during pairing, this slze ratio be- 
ing close to parity. The high increase in 
the  number of incubated eggs with male 
weight shows that the largest males do Body weight (g) 
not mate spontaneously with the small- 
est females. 
When the incubated stocks are exam- 
ined with  regard  to their development 
stage (see  Table 1  ), the scattergrams ap- 
pear to  be similar For  eggs and for swim- 
up fry (Fig. I), suggesting a very limited 
loss in eggs and fry  during incubation. 
This was confirmed by estimating, for each 
individual, the ratio (R) between actual 
incubated stock and stock estimated by 
the general model describing the increase 
in average size of clutch with male weight 
(Fig. 1 ): R = observed stock/(2.29 Wm + 
107.15).  Results showed that "R" remains 
close to 1 (Table 2) regardless of the de- 
velopment stage of  eggs and fry. This 
confirms that embryonic mortality is very 
low during the mouthbrooding period in 
S. melanotheron. 
In  Oreochrornis /eucostictus, where the 
females incubate the eggs, Welcomrne 
( 1967)-defined  mouthbrooding efficiency 
as the ratio of  incubated stock (fertility) 
and number of eggs initially produced (fe- 
cundity). 
In  S.  rnelanotheron, as incubation is 
practiced by the male, the estimation of 
mouthbrooding efficiency must be based 
on hypothetical size ratios between males 
and females during pairing. Since we  have 
already observed that the preferential size 
Fig.  1. (A) Relationship between  number 
of eggs or fry  incubated (N)  and body welght 
of males (Wrn) in Sadherodon melanotheron 
reared in pens: N = 2.29 Wm + 107.15 (r 
= 0.793). The  development stage of the 
clutch is indicated For  each individual. (6) 
Relationship between fecundity (F) and body 
weight of females (Wf) in S.  melanotheron 
reared in pens: F = 2.61 Wf + 203.91 (r = 
0.777). 
ratio is close to parity, three hypotheti- 
cal ratios were considered: (I  ) males and 
females of equal body weight; (2)  males 
with a body weight 25% higher than that 
of  the females: and (3)  males with body 
weight 25% lower than that of the females. 
In  case no. 1  (equal weights), mouth- 
brooding eficiency is  minimal (60%)  when 
the male is small (25  g).  Efficiency gradu- 
ally increases with male weights of about 
150  g, but does not exceed 80%  in males 
of 400 g (Fig. 2). 
When the male is  slightly larger than 
the female (case no. 2),  mouthbrooding 
efficiency improves significantly, reach- 
ing a value of 100% for males with body 
weight > 300 g. In  contrast, when male 
weight is lower than female weight (case 
no. 3),  mouthbrooding efficiency decreases 
significantly, never exceeding 65% (Fig. 
2). 
In  S.  melanotheron, mouthbrooding 
efficiency is  similar to that observed in 
Oreochromis  macrochir (60-  1 00% depend- 
ing on female sizes; Marshall 1979) and 
significantly hlgher than that reported for 
0.  leucostlctus (where it is  never > 50°/o; 
Welcomme 1967).  It should, however, be 
noted that both studies were conducted 
on mouthbrooding females captured in 
the wild with a  seine net, and that the 
eggs and the fry  that may have been Table 2. Values of "R"  (observed incubated stock/ estimated 
Incubated stock [see text]) in relation to the development 
stage of eggs and fry incubated. 
Development  R  No. of  clutches 
stage  observed 
L  P"0  $0  Id,  I&  AAAAA 
Male  welght (g) 
f  Wt =O.TS*W~  tWf  =Wm  +Wf  = 125"Wrn 
swallowed were not counted. Therefore, 
it is  possible that the broods incubated 
by these species were underestimated. 
In S. melanotheron, mouth capacity is 
related to male weight by a positive lin- 
ear relationship (r = 0.927; Fig.  3).  The 
comparison of this relationship with the 
increase in mean volume of eggs produced 
in relation to  female weight (Fig. 3)  shows 
that mouth capacity increases faster with 
male weight than the spawn volume in- 
creases with female weight. The spawn 
volume of females with body weight < 
100  g does  not differ noticeably from the 
mouth capacity of  males of similar weight. 
The mean buccal volume of  males with 
Fig.  2. Mouthbrooding  efficiency  In  5. 
melanotheron based on different hy pot  heti- 
cal ratlos between the weight of males (Wm) 
and the weight of Females (Wf) durlng pairing. 
body weight < 50 g is  too small  to al- 
low the complete development of  the 
average clutch produced by a female of 
similar weight. Only males with  body 
weight >  150 g  have a  buccal  volume 
always higher than the mean clutch vol- 
ume at the end of its development (Fig. 
3). Therefore, when pairing is  between 
males and females of equal weight, mouth 
capacity constitutes a limiting factor For 
mouthbrooding only in  males of  body 
weight <  150  g. 
The percentage of the male mouth ca- 
pacity occupied by the clutch (clutch vol- 
ume x  100/mouth capacity) was deter- 
mined for 30 male brooders of different shes (Fig. 4).  This proportion is  higher 
(about 40-90%) in males of body weight 
< 150  g than in larger males, in which it 
never exceeds 60%.  These observations 
provide a reasonable explanation OF the 
fact that mouthbrooding is  less efficient 
in males with body weight < 150 g than 
in  males with higher body weight (Fig. 
2).  These observations also tend to  con- 
firm that, in a population of  individuals 
of  different sizes, pairing preferentially 
takes place between males and females 
of similar size. As mentioned previously 
(Fig.  I), the largest males do  not mate 
spontaneously with the smallest females. 
The fact that the proportion of the mouth 
occupied by the clutch does not exceed 
60%  in males with body weight > 150  g 
(Fig. 4)  confirms that males neither mate 
spontaneously with Females that are much 
bigger than they are. 
In  the wild (EbriC Lagoon), where the 
size at first sexual maturity is higher than 
in culture conditions (Legendre  and Ecoutin, 
this vol.), mouthbrooding efficiency  is likely 
to  be hlgher. The fork length of  the smallest 
mature male observed in the lagoon en- 
vironment  reached  148  mm  (80 g) 
against  105  mrn  (22 g) in  pen culture. 
Because OF the limited mouth capacity of 
the small males, the stunting (or sexual 
precocity) observed in culture conditions 
should  result in  lower yields of fry per 
single spawn. 
L b 
1  I  I  I  I  I  I  I 
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Body weight  (g  1 
Fig. 3. (A) Relationship between the mouth capacity (Vm) and the body weight of males (Wm) in 
Sarotherodon melanotheron. Vm  = 0.1 14  Wm + 2.21  (r = 0.927). (Bl Eggs: mean increase In  spawn 
volume with weight of  female. Spawn volume - fecundity x mean volume of one egg (1  7.4  PI).  (C) 
Swim-up fry: mean Increase in spawn volume with welght of female. Spawn volume - fecundity x 
mean volume of  one fry  (26.0 PI).  In  B and C,  fecundity Is estimated by the relationship F  = 2.61 
Wf + 203.91, where Wf  = female body welght (Fig. 1). Spa  wnlng Frequency and Number of 
Eggs Collected 
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In  isolated pairs, the mean spawning 
interval is  generally 10-  16  days (Tables 
3 and 4). Only one pair composed of  a 
large female and a small male showed 
higher mean intervals (25 days; Table 3). 
For all pairs combined, 6 and 39 days were 
the extreme values in the range. There- 
Fore,  the spawning  frequency of  5. 
melanotheron reared in 2-m3 tanks is very 
regular compared to  the  values observed 
in  other species OF tilaplas such as 0. 
niloticus or 0. vulcani (Mires 1982). 
Aronson ( 1945)  reported that the spawning 
intervals of  S.  melanotheron reared  in 
aquarium varied between 8  days and one 
year with a mode of  15  days, the latter 
value being in  agreement with our ob- 
servations. 
The routine counting of clutches from 
each pair of the  experiment showed that 
compared to the number of eggs or fry 
produced at longer spawning intervals, 
shorter cycles (six to eight days) never 
imply a significant reduction in eggs or 
fry production, therefore reflecting a faster 
vitellogenesis which involves total spawn 
rather than partial spawning occurrence. 
a 
u  Stages 1,2,3  .  0  Stage  4 
0  Stages 5.6  . 
Fig. 4. Percentage of the mouth ca- 
pacity occupied by eggs or fry lncu- 
bated in relation to male body weight 
in S. melanothemn. The development 
stage  of the clutch is  indicated for 
each Indluldual. 
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In  general, the mean spawning interval 
is shorter in S. melanotheron  (two  weeks 
approximately) than in  the species of 
Oreochrornis  (generally, four to  six weeks; 
Baroiller  and  jalabert  1989).  In 
Oreochromis, it Is  established that the 
presence of eggs or fry in the mouth of 
the  Females has an inhibiting effect on  the 
development of oocytes (Smith and Haley 
1988). In  0.  niloticus. the frequent re- 
moval of  incubating eggs is  one of  the 
methods used to  increase spawning fre- 
quency and fry production (Verdegem  and 
McGinty 1987). 
The average number of eggs collected 
per spawning episode for the different 
pairs observed varied between 368 and 
718  (Table 3).  This quantity is closely re- 
lated to  the size of the  males used in this 
experiment and does  not seem to be much 
affected by female fecundity. Indeed, the 
relationship (Fig. 1)  between the incubated 
stock and the weight of  males appears 
highly suitable for use as  a model for es- 
timating the production of  eggs by the 
broodfish of S. melanotheron reared  in 
culture conditions (Table 3). When the 
weight of  the males (about 200  g)  is higher 
than the weight of females (about 1  SO g), 
the annual production of eggs for a pair Table 3. Spawning frequency and number of eggs collected in isolated pairs of 5. melanotheron in concrete tanks. Comparison between observed and 
estimated productions of eggs. 
Palr  Observation  Mean body weight  No. of  Mean  Total  Number  Average  Estimate of egg no. 
no.  period  of broodfish (g)  spawns  spawning  number  of eggs  number 
(day)  obsewed  interval  of eggs  collected  of eggs  incubated per  produced per 
Female  Male  (day)  collected  per year  per spawn  male'  femaleb 
'Average  number estimated  using the relation between the number of eggs or  fry  incubated  (N) and  the weight  of males  (Wm): N=2.29 Wm 
+ 107.15  (r=0.793). 
bAverage number estimated  using the relation between fecundity  (F)  and  weight of females  (Wf): F=2.6t Wf  + 203.91  (r=0.777). Table 4. Spawning frequency  in 5.  melanotheron For  families of  different sex  ratlos 
over a period of 76 days in concrete tanks. Values are the means of two replicates. 
Composition of  Average no.  Mean no.  Mean 
the families  OF  spawns  of spawns  spawnlng 
(No. females/no.  males)  observed  per female  lntenral (day) 
1/1  6  6'  13.1' 
Values  wlth the  same  letter  In  a  same  column are not  significantly different at 
the  5% significance level. 
varies between  1 5,000 and 23,000 (Ta- 
ble 3).  However, it should be noted that 
in the  same  culture conditions, the  spawn- 
ing frequency of  S. melanotheron is higher 
in  the dry season (two to three spawns 
per month) than during the rainy season 
(I  .5 spawns per month; Legendre and 
Ecoutin  1989). 
In 2-m3  tanks, the  spawning frequency 
per female in an isolated pair or in a family 
of  10 broodfish with equal sex ratios is 
identical (Table 4).  Annual production of 
eggs in such a family can be directly es- 
timated using the model linking the number 
of eggs or fry incubated to  male weights. 
When the  sex ratio is strongly in favor of 
males (9:  1 ), the  mean spawning interval, 
although slightly lower, does not differ 
significantly from that observed in Fami- 
lies with equal sex ratios (Table 4).  In con- 
trast, when the sex ratio is  in favor of the 
females (I  :9),  the spawning interval Is  con- 
siderably increased (50  days on average). 
The macroscopic examination of  the go- 
nads of these females at the end of the 
experiment showed that in  25% of  the 
cases, post-vitellogenesis oocytes present 
in the ovaries  showed high levels of atresia. 
This suggests that females are capable of 
completing  normal cycles of  vitellogenesis, 
but that lack of males in sumcient number 
regularly causes the  total reabsorption of 
the  oocytes ready for spawning. It is also 
possible that in this particular situation, 
the spawning frequency was underesti- 
mated: 29% of the observed incubations 
were done  by females (with nonfertilized 
eggs); however, females have a  strong 
tendency to swallow the eggs that they 
incubate (Aronson 1949). 
Taken together, these results indicate 
that the most suitable sex ratio for the 
production  of  eggs  and  fry  In  S. 
melanotheron reared in captivity is  1 :  1. 
A higher male sex ratlo does  not signifi- 
cantly increase individual spawning fre- 
quency while a  higher female sex ratio 
decreases it considerably. 
From a practical point ofview, the above- 
mentioned problem of cannibalism on eggs 
and fry spat out by the mouthbrooders 
during draining indicates that this par- 
ticular system, with weekly collection of 
the offspring, is  poorly adapted for the 
efficient management of broodfish. In the 
future, this problem should be solved by 
maintaining fish in  hapa-like  structures 
which are easier to  handle (Hugues and 
Behrends 1983) and allow rapld and si- 
multaneous capture of all broodfish. 
In  S.  melanotheron, mouthbrooding 
efficiency is reduced in males with body weight < 150 g compared to larger in- 
dividuals. Smaller males have a limited 
mouth capacity which can hardly take in 
all the eggs produced by the smallest fe- 
males. Due to this physical  constraint, 
mouthbrooding efficiency is significantly 
improved when a Female  mates with a 
larger male. Egg  and fry mortalities ap- 
pear to  be low during the mouthbrooding 
phase. When creating broodfish families, 
it is recommended not to use males with 
body weight < 1 50 g and to  always choose 
males larger than females. 
In  captive S. melanotheron, spawning 
inteivals are about two weeks. The most 
suitable sex ratio for the constitution of 
Families of  broodfish for egg and fry pro- 
duction in culture conditions is  1 :  1. Ob- 
servations on egg production by isolated 
pairs over a long period of time indicate 
that the relationship between the number 
of eggs and fry incubated, and the weight 
of the males can be used to predict and 
plan the production of fry in a fish farm. 
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Abstract 
A study was undertaken to identiFy sex-specific  reglons of the genome in Oreochromis nilotlcus, 
using probes which glve sex-specific hybridization patterns in  other organlsms: pDP1OO7,  a human 
Y chromosome-specific probe sequence and pUGD0600,  a W chromosome-speclfic sequence in 
chickens. DNA was extracted from slbllng males and females, and hybridized to the probes after 
cutting with a number of restrlctlon enzymes.  No sex-specific  patterns were observed but the 
results suggested further lines of cornparatlve work using similar techniques. 
Since the work of Hickling (l960),  sex- 
determination mechanisms in tilapias 
have  been  studled  by  intra-  and 
interspecific crosses (Jalabert  et  al. 1974: 
Majumdar and McAndrew 1983;  Hanson 
et  dl. 1983):  hormonal sex reversal and 
progeny testing (Clemens and lnslee 
1948;  Jalabert et  al.  1974;  Mair et  al. 
1987;  Gilling et al.. this vol.); and in- 
duction  of  diploid  gynogenesis 
(Chourrout and ltskovich 1983;  Penman 
et  al. 1987;  Avtalion and Don 1990;  Mair 
et  al. 199  1  a, 199  1  b). In 0.  mossambicus 
and 0.  nilotjcus, there is  evidence for 
a basic system of female homogamety 
'Present  address: Department of Blology. Dalhousie 
University, Halifax, N.S.,  Canada B3H 315. 
(XX)  and male heterogamety (XY), 
whereas 0.  aureus demonstrates female 
heterogamety  (WZ)  and  male 
homogamety (ZZ) but inconsistencies 
in the sex ratios from both sex reversal 
(Calhoun  and  Shelton  1983)  and 
gynogenesis (Avtalion and Don  1990) 
experiments have resulted in  other 
models of  sex determination being put 
forward (Avtalion and Hammerman 1978; 
Hammerman and Avtalion 1979;  Avtalion 
and Don  1990). 
Sex-specific DNA sequences  have been 
observed in a number of organisms rang- 
ing from Schistosoma spp. to humans 
(e.g.,  Kodama et al.  1987;  Walker et 
al. 1989;  Page et  al.  1990). 
Recent studies have attempted to  find 
sex-specific genomic DNA banding 
patterns in fish uslng a variety of  sex- 
specific and tandem repeat probes from 
other  phyla  and  synthetic  oligo- 
nucleotide repeat sequences. Ferreiro et al. (1989) hybridized Page's mam- 
malian Y  chromosome-specific probe 
(Page et  al. 1990)  to  trout and sturgeon 
genomic  DNA and observed nonsex-spe- 
cific banding patterns. Lloyd et al. ( 1989) 
found that GATA-GACA  repetitive se- 
quences,  first isolated as  a female-specific 
satellite DNA fraction in the banded krait 
(Bkm sequences; Singh et al.  1980), 
cross-hybridized to  trout genomic DNA 
but gave nonsex-specific banding pat- 
terns  that  revealed  Fingerprint 
polymorphisms.  Nanda et al.  (l98O), 
using a (GATA)4 oligonucleotide probe, 
found a  male-specific  simple tandem 
repeat locus in outbred populations of 
the guppy (Poecilia reticulata), but this 
was only observed in two out of eight 
laboratory strains. Devlin et  at. (1991) 
have recently succeeded in isolating a 
Y chromosome-specific DNA probe For 
Oncorhynchus  tsha  wytscha  using 
subtractive hybridization. 
In  this study, two labelled probes, a 
tandem repeat probe cloned into vec- 
tor pUGD0600, which is sex-specific in 
Gallus spp. (Kodama et  al.  1987),  and 
a human Y chromosome-specific probe 
cloned into vector pDP1007 (Page et 
al. 1 WO),  were hybridized to  genomic 
DNA  from 0. niloticus to investigate 
their specificity in discriminating between 
males and females.  Both  probes are 
nonradioactively labelled. In  the past, 
nonradioactive labelling has not proved 
sensitive enough for routine detection 
of single copy sequences. However, the 
chemiluminescent labelling technique 
used in this study promises sensitivity 
equal to that of P32.  Moreover, radio- 
chemical facilities are not required and 
these chemiluminescent probes are stable 
for up to one year compared to a few 
days for radioactively labelled probes. 
This study was specifically aimed at 
finding simple differences in the geno- 
mic DNA of male and female 0.  niloticus, 
and assessing the feasibility  of  using 
chemiluminescent probes in work with 
Fish  DNA. 
Materials and Methods 
Samples 
Work was  carried out on an 0. ni/ot/cus 
(Lake Manzala) stock maintained at Swan- 
sea and originally  obtained from Stir- 
ling University. Blood samples were taken 
from the caudal vein under anesthetic 
and fin  clippings from the caudal and 
dorsal Fins. Seven males and 10  Females 
were used in hybridization experiments 
with  probe  pDP1007.  With  probe 
pUGD0600, five males and Five females 
were used. 
DNA Extraction 
High molecular weight DNA samples 
were extracted from blood and fin sam- 
ples by overnight digestion in proteinase 
K  (Boehringer Mannheim GmbH:  10 
pg.ml-') in  STE DNA  extraction buffer 
(0.1  M NaCI, 0.05M Tris base and 0.1  M 
EDTA) and 0.5% SDS (sodium dodecyl 
sulfate) followed by phenol/chloroform 
extraction  and  precipitation  by 
isopropanol. DNA sample concentration 
was determined by fluorimetry (Hoefer 
Scientific Instruments, TKO  100 mini- 
fluorimeter). 
Electrophoresis and Blotting 
DNA samples of  10-20 pg  were diges- 
ted overnight with EcoR1 and run on a 
0.8% agarose gel for eight hours in TEA 
(0.4M  Tris Base, 0.2M Na acetate, 0.02M 
EDTA and 0.18M NaCI) buffer and then 
denatured before posiblotting for one 
hour (Stratagene) onto a  positively 
charged nylon  membrane (Boehringer 
Mannheim GmbH) and fixed by baking 
at 1  20°C For  25 minutes. Probes 
Two  probes  were used:  plasmid 
pDP1007 (Page et  al. 1990),  which con- 
tains a  1.3kb Hindll fragment of  the 
human ZFY gene, cloned into the Hinulll 
site of  pUCl3-the  probe sequence was 
recovered  from a  low melting point 
agarose gel after digestion with Hindlll; 
and plasmid pUGD0600 (Kodarna et al. 
1987) containing a  W  chromosome- 
specific 0.7kb repeat unit from the fe- 
male White Leghorn chicken in the Sal 
1 site of pUC9-the  probe was recov- 
ered by digestion with Pstl and EcoR1. 
Both  probes were labelled by random 
priming  with  dioxigenin-duTP 
(Boehringer Mannheim GmbH). 
Hybri  dPza thn 
Filters were prehybridized for three 
hours  in  a  solution  of  50% (w/v) 
formarnide; 2Oh  (w/v) blocking reagent 
(Boehringer Mannheim GmbH), added 
from a 10%  sterile stock solution; 0.02% 
(w/v)  SDS;  0.1% (w/v)  N-Iauroyl- 
sarcosine; and hybridized according to 
a protocol supplied by  Boehringer for 
16 hours at 42OC with 30 p1  (approxi- 
mately 300 ng) of  digested/labelled 
probe in 4 rnl of  prehybridization solu- 
tion. Filters were then washed at low 
(2xSSC, 0.1  To  SDS; 2x 10  minutes at  room 
temperature:  I xSSC,  0.1  % SDS:  2x20 
minutes at  60°C) or high (ZxSSC, 0.1% 
SDS; 2x10 minutes at room ternpera- 
ture: 0.5 or 0.  I  xSSC, 0.1  % SDS; 2x20 
minutes at  68'C)  stringency. Digested/ 
labelled probes were detected using 
AMPPD (Tropix Inc.,  Bedford,  Massa- 
chusetts, USA) as a chemiluminescent 
subst.ate for  anti-dioxigenin-AP-conju- 
gate and visualized  by auto-radiogra- 
phy ( 10-80 minutes exposure). 
Results and Dlscusslon 
When hybridized to 0. niloticus DNA 
(EcoR1 digest, Fig.  1 ), the  probe cloned 
into plasmid pDP1007 gave a  single 
12345678  9  10  I I 
Lane 
Flg.  1.  Results  of 
hybrldlzatlon  wlth 
the  probe  se- 
quence  cloned  in 
plasmid  pDP1007. 
Lanes  1-4  contain 
Ed  restricted male 
0.  nllotkus  DNA; 
lanes  5-8  contain 
EcoRl  restricted  fe- 
male  0.  niloticus 
DNA. Lane 9 Is male 
human DNA restricted 
wlth EcoRl. Lane 10 
Is  lambda  DNA re- 
strlcted with Hlnulll 
and  digested/la- 
belled.  Lane  I l  is 
the  probe  se- 
quence. 4kb band in  both male and female 
individuals, while an EcoRl  digest of 
male human DNA  gave two bands at 
3.4 and 5.6kb. The 3.6kb band corre- 
sponds to  the Y-specific band seen by 
Page et  al. (1  990). Ferreiro et  al. (1  989) 
observed no variation in  banding pat- 
terns between male and female rainbow 
trout when Taq I,  Hae Ill and Kpnl dl- 
gests of trout genomic DNA were hy- 
bridized to  pDP1007. 
When  the sequence cloned  into 
plasmid pUGD0600 was hybridized to 
0. nilotlcus genomic DNA, a strong sig- 
nal throughout each lane on the filter 
occurred even at high stringency with 
no clear bands visible. This is  a repeat 
sequence probe and the results from its 
use point to the presence of many re- 
peat sequences scattered throughout the 
genome. 
While no sex-specific patterns were 
observed, the presence in 0.  nlloticus 
of  a  sequence homologous to that of 
the human ZFY gene  was demonstrated 
even under high stringency wash con- 
ditions. Thus, although the molecular 
basis of the sex determining "switch" 
is  different  in  Ash  and mammals, the 
ZFY gene is  conserved between these 
lineages. It has also been demonstrated 
that nonradioactive chemiluminescent 
probes are capable of detecting single 
copy sequences in tilapia. 
In  taxonomic groups where the evolu- 
tion of sex has been well-studied (e.g., 
mammals and reptiles), similarities have 
been observed in the organization and 
evolution of  sex chromosomes (Jones 
and Singh 1985; Page et  al. 1990).  This 
is particularly true of the accumulation 
of  repeat sequences on the heterolo- 
gous  sex chromosome (Y chromosome 
in mammals; W chromosome in birds). 
The conservation of sequences involved 
in sex determination may be determined 
by cross-taxonomic hybridization of sex- 
specific probes. This approach will prove 
useful in the study of the evolution of 
sex-determining  mechanisms.  Both 
probes used in this study cross-hybridize 
widely and give sex-specific patterns 
in the taxa from which they were lso- 
lated. 
A more immediate approach to  study- 
ing the molecular basis of  sex deter- 
mination in the tilapias may be the iso- 
lation of  tilapiine sex-specific sequen- 
ces using subtractive hybridization tech- 
niques (Devlin et al. 1991  ). 
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Abstract 
Based on the hypothesis of an lntrogression with slowed growth between two mouthbrooding 
species of Oreochromls nlloticus and 0. macrochir introduced  Into different  African  lakes, we 
performed a series of hybridizations up  to  the  thlrd generatlon then compared, in controlled conditions 
(aquarium), the growth of the individual juveniles  (from 5 g to  +I00  g)  from parental strains and 
different progenles. Results show that the heterosis efFect in the F,.  F,  and F,  hybrids is  relatively 
low and no more determining than the intraspecific variation.  However, the pure 0.  niloticus 
strain grows faster than either 0. macrochiror the different hybrid strains, except for the  F, hybrid 
0. niloticusfernale x 0.  macrochirmale (NM). This seems  to  conflrrn the hypothesis of an introgression 
of part of  the 0. rnacrochlrgene pool into the 0. n/lotlcus gene pool. However, the presence of 
two hybrid subgroups with different growth rates does  not seem to  be confirmed by our aquarium 
growth results, which are limited to the early stages (7 to 100  g). 
Introduction 
In  the 1950s, the production results 
of farmed tilapia credited this animal 
For  being the miracle fish  capable of 
putting an  end to malnutrition problems 
in developing countries (Micha 1974; 
Powles 1987).  Amidst the general en- 
thusiasm, various species-not  always 
correctly identified-were  introduced 
into many African lakes. The idea was 
not a  bad one, at least for lakes with 
vacant ecological niches for thls type 
of  species. Unfortunately, insufficient 
knowledge of  tilapia taxonomy, the  ab- 
sence of  fauna inventories in the dif- 
ferent lakes and ignorance of  the rnecha- 
nisrns OF speciation resulted in a  dis- 
ruption of  the biogeography of  this 
African genus and, in  many cases, in 
hybridization between native and intro- 
duced species. In general, hybridization is a technique 
used by farmers to select faster-grow- 
ing strains. "Semi-natural" hybridization 
in  lakes-Lake  ltasy in  Madagascar 
(Daget and Moreau  1981) and Lake 
lherna in Rwanda (Plisnier et  al. 1988)- 
is  seen as a  Failure of  specific repro- 
ductive isolation that often leads to  a 
deterioration in the genetic stock of  the 
parental species. Thus in  Lake  Itasy, 
which harbored  a  flourishing popula- 
tion of  previously introduced  Oreo- 
chromis macrochlr, the additional in- 
troduction in  1961 of 0. niloticus re- 
sulted in  the disappearance  of  0. 
macrochir in favor of 0. niloticus. In Lake 
Ihema, the introduction of  0. macrochir 
(circa 1970), after the introduction of 
0.  niloticus (circa 19SO), led to  the ap- 
pearance of hybrids (circa 1979).  Fish 
counts from 1983  to 1887  (Kiss 1976: 
Plisnier  1984; Mughanda and Micha 
1988) indicate that the phenotype of 
0. ni/oticus  decreased in size during this 
period (from 30 to  20% of Individuals), 
while the phenotype 0. macrochir re- 
mained at  60°h, and the other individuals 
showed a variety of intermediate types 
(hybrid  swarms:  10 to 20%).  The 
hybridization pattern between these two 
close parent species introduced in two 
different lakes therefore seems  to  have 
evolved along different paths. 
To test this hypothesis of introgression. 
using a comparison of  the morphological 
characteristics and growth of hybrids, 
controlled aquarium experiments were 
performed hybridizing F,, F,  and F,  gen- 
erations and their backcrosses,  and 
measuring and comparing growth per- 
formance of fry. 
Materials and Methods 
The broodfish  of  0. nilotjcus (16 
individuals, including eight males) came 
from the Egyptian strain bred at  Auburn 
University and introduced to Rwanda. 
The broodfishes of 0. macrochjr origi- 
nated from the Kigembe fish-farm  in 
Rwanda. 
The growth tests and the preliminary 
stages of the experiments (reproduc- 
tion, nursing and pre-experimental 
growth)  were conducted in the M. Huet 
laboratory facilities of the College of  Ag- 
riculture Science at  the Louvain Catholic 
University (UCL), Louvain-la-Neuve 
(Kestemont et al.  1989), where there 
are many 200-, 100- and 70-1  aquaria 
(L: 58 cm. W: 48 cm and H: 50 cm). 
The water was maintained at 28+2"C 
and a 12-hour (0700-2  100)  photoperiod 
using three 40-watt  fluorescent bulbs 
was applied. The aquaria were drained 
daily to remove organic residues from 
the bottom. During experiments, the  oxy- 
gen concentration varied between 70 
and 100% saturation, while the nitrate 
concentration never exceeded 1 mg.1-', 
To obtain the desired hybridizations 
(the female sibling is  conventionally 
indicated First), the arena system of Haller 
and Parker  (1  981) was adapted by 
equipping aquaria (200  and I00  1) with 
two plastic-coated  lattice partitions 
separating the females' areas (Fig.  1). 
A third partition with openings allowed 
the passage only of females smaller than 
the males. This system protected females 
that were not ready to  spawn from the 
unceasing attacks of the territorial male. 
Each aquarium contained a group of four 
fish: one male and three females. The 
condition of the females was monitored 
several times daily. As soon as one  of 
them was incubating (mouth enlarged 
with eggs, feeding stopped), the male 
was removed. Six to seven days later, 
the two other  females  were  also 
removed. Swim-up fry appeared two to 
three days later. Ten days later, the fry 
were separated from their mother and 
placed in  pre-growout aquaria (50/ 
aquarium), where they were fed ground Rigid plasticized lattice partitions 
Top  view  Front  view 
Flg.  1. Arena  system  of  Haller  and Parker (1981) adapted  to  the scale  of the  aquarium. 
pellet (Trouvit K30) at 6% of  the fish 
biomass in three daily rations. For growth 
rates, two groups of 16 individuals per 
aquarium (70  I), with 7.0 g mean body 
weight and individual tags (burned with 
a pin  head), were monitored  over 10 
weeks. Each week, all fish were measured 
(standard length to  the nearest 0.1 mm) 
and weighed individually after wiping 
on paper towels (weight in  g to the 
nearest 0.1 g).  The sex of each individual 
was determined by binocular examination 
of the genital papilla. 
The increase in weight was estimated 
using the standard exponential model 
(Wheaterley l976), and the growth 
comparison of the different strains was 
done using the mixed nested ANOVA 
I or  I1 (Dagnelie 1975).  The "aquarium" 
random variable consists of two levels 
that are Further subdivided into Four or 
six levels of the "strain" independent 
variable. This is  an unbalanced equa- 
tion, given that the different combina- 
tions of  the two factors comprise a dif- 
ferent number of observations (random 
number of females among the 16  indl- 
viduals in each aquarium). For this analy- 
sis, we used the Statistical Analysis 
System (SAS) software of the UCL  Cal- 
culation Center at Louvain-la-Neuve. 
Results 
Comparative Growth of  Pure Strain 
Broodflshes and F, Hybrids 
The parental strains (0.  ni/oticus and 
0.  macrochir) and the F, hybrids hom 
the crosses of 0. ni/oticus female x 0. 
macrochirmale (NM)  and of 0.  macro- 
chir  female  x 0.  ni/oticus male (MN)  were 
monitored over the 1  0-week experiment. 
The mean body weight of  the fish in- 
creased from 7.0 g to nearly  100 g. 
The statistical analysis revealed  no 
significant difference  between aquaria 
of the same strain (replicate). This re- 
sult allowed us to gather the data for 
each strain from the two aquaria and 
to test the strain effect by comparing 
a bigger number of observations with 
greater accuracy. Only the male data 
were used to test the different strains 
(0.  niloticus:  I  I  males, 0. macrochir: 18  males; and F, Nfemale x Mmale: 32 
males, F, Mkmale  x Nmale: 18  males). 
The growth results, presented in the form 
of linear regressions (weight vs. time) 
(Fig. 2),  showed that: 
-  F, Nfemale x  Mmale (NM) hybrids 
have the highest growth rate; 
- the 0. niloticus (M) strain ranks in 
second; 
-  F, Mfemale x  Nmale (MN) hybrids 
rank third; and 
- the 0. macrochir (M) strain has the 
poorest growth rate. 
The four-level  (four strains) ANOVA 
I  statistical test confirmed that: 
-  F,  Nfemale x  Mmale (NM) hybrids 
have a growth rate significantly higher 
than 0. nilotlcus (P=0.05); 
- F,  Nfemale x  Mmale (NM) hybrids 
have a growth rate significantly hlgher 
than their reciprocal hybrld (P=0.01); 
- F, Mfernale x  Nmale (MN) hybrids 
have a growth rate significantly hlgher 
than 0. macrochir (P=0.01); and 
- 0.  rnacrochir has a growth rate sig- 
nificantly lower than all the other  strains. 
Furthermore,  it must be noted that 
the cross Nfemale x  Mmale yielded a 
homogeneous hybrid progeny (100% 
male), while the opposite cross, female 
0. macrochir and male 0.  n//ot/cus, 
yielded a heterogeneous progeny with 
75% males and 25% females, each sex 
showing two clearly different pheno- 
types (pink-red and gray In  equal pro- 
portions). 
1.75 00 
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Flg. 2. Regression lines of In weight (g)  vs. time for the four  Oreochromh niloticus (N) strains. 0. 
macrochlr (M),  F, hybrids (NFernale x Mmale: 100% males) and  F, reciprocal hybrids (Mfemale x 
Nmale). Comparative Growth of  Pure Strain 
Bro odfishes, Fz  Hybrids 
and Backcrosses 
In the second generation, three types 
of crosses were performed: 
- female hybrid x  male hybrid, gray 
variety (g):  Mng x Mng, 
red variety (r): Mnr x Mnr; 
- pure 0.  macrochir female x  male 
hybrld: MM x NM, MM x MN; and 
- female hybrid x  pure male:  MN  x 
NN, MN x NM. 
The cross of  pure female x  male hy- 
brid of 0. niloticus was not successful. 
The pure intraspecific crosses of 0. niloticus 
(N)  and 0.  macrochirserved as  reference. 
The comparative growth of the pure strains, 
second  generation hybrids and backcrosses 
(Table 1)  showed that the red-colored  F, 
hybrids (MNrMNr) and the  backcross 
(MMNM) between 0. macrochir  females 
and NM hybrids, as  well as  the pure strain 
of 0. n/lot/cus (N),  had significantly higher 
growth rates than the other crosses. 
Ranking next were the two gray-colored 
MNgMNg crosses and the  MNMM cross. 
The growth rates of the MMNN and MNNN 
crosses, which are backcrosses between 
females of 0.  macrochir and MN  males 
and between MN  females and males of 
0. ni/oticus, respectively, can be described 
as relatively low. Finally, the pure strain 
of 0. macrochjr  (M) showed a significantly 
lower growth rate than  F,  hybrids and 
backcrosses. 
Comparative Go  wth of  Pure Strain 
Broodfishes and F3  Hybrids 
(Backcrosses) 
For the third generation, a multitude 
of crosses  were possible. However, ac- 
cording to the description  of  the 
introgression phenomenon, the crosses 
that occur were backcrosses between 
various levels of hybrids and parental 
species. There were therefore two types 
of crosses to conduct: 
Table  1. Comparisons  of weight increase expressed as  slopes and their  standard deviations in 
Oreochromls nllotlcus (N)  and Oreochromis machrochir (M).  ltems MNrMNr  to M refer to parental 
strains, F,  hybrids (MNrMNr  and MNpMNB,  with r and g referring to red and gray, respectively) and 
backcrosses  with pure (underlined) females  (MIYNM, WMN)  or males  (MNMM. MNW).  ltems 
MNNNNN to N refer to male fingerlings from parental strains  (N.Ml and two F,  hybrids between 
hybrid females and pure (underllned) males (MNNW  and MNMMMM). 
Slopes 
MNrMN,  0.0224  0.0032  14.3 
MMNM  0.0223  0.003  1  13.9 
N  0.021  8  0.0036  16.5 
MNsMNs  0.0  182  0.0038  20.9 
MNMM  0.0  18  1  0.0039  21.6 
MNNN  0.01  76  0.0048  27.3 
MMMN  0.01  74  0.0034  19.5 
M  0.0  155  0.0036  23.2 
MNNNNN  0.0223  0.0032  14.4 
MNMMMM  0.0230  0.0043  18.7 
M  0.0232  0.0043  18.5 
N  0.0256  0.0035  13.7 -  pure female x male hybrid; and 
-  female hybrid x pure male. 
However, the cross of  female 0. 
niloticus x  male 0.  macrochir is  very 
difficult to  produce (Falter, this vol.) and 
the cross between pure females of 0. 
niloticus and male hybrids of 0.  macro- 
chirhas not taken place in the aquarium 
(problem of aggressive behavior). We 
therefore limited  ourselves to back- 
crosses of female hybrids x pure males. 
The chosen female hybrids (MNMM and 
MNNN)  were  second  generation 
backcrosses in which the female was also 
a hybrid. The comparative growth of the 
male fry  of  the four strains (Table  1) 
showed 0. niloticus in first place, fol- 
lowed by 0. macrochir. Next came the 
F,  hybrids, the two genotypes of which 
seemed to  show no difference in growth 
rate. The statistical analysis revealed a 
significant difference only between the 
genotype 0.  niloticus (N) and the three 
other genotypes. 
Discussion 
A  heterosis effect with  respect to 
growth, brought about by interspecific 
hybridization in the genus Oreochromis, 
has already been  shown in  several 
crosses. 0. niloticus is involved in several 
of these: with 0. hornorurn (Pruginin 
1968):  with 0.  mossambicus (Avault and 
Shell  1966, Kuo  1969); and with 0. 
macrochir (Jalabert et al.  1971). Our 
results show, like those of jalabert  et 
al. ( 197  1  ), that the cross of 0.  niloticus 
and 0.  macrochiralso exhibits a heterosis 
effect and all the more so because the 
Female  belongs to the faster-growing 
species (0.  niloticus). This could reflect 
a direct maternal effect (Falter and de 
Jaegere 1989). 
The genotype 0,  niloticus was sig- 
nificantly different from the other geno- 
types.  Moreover,  the  genotype 
MNNNN-N that was most similar to  the 
genotype 0.  nilot.icus showed a growth 
rate much closer to that of the geno- 
type 0. macrochir. 
The absence of replicates in crosses, 
means, however, that caution is needed 
in drawing conclusions. 
Finally,  the genotype 0.  macrochir 
generally showed the lowest growth rate 
compared to the F, and F,  hybrids, but 
it  showed no diFFerence compared to 
the F,  genotypes (backcrossed). 
These results tend to  support the Daget 
and  Moreau  (1  981  )  hypothesis  of 
introgression of  the gene pool  of  0. 
macrochirinto that OF 0.  niloticus, which 
is the only remaining phenotype in Lake 
Itasy, but the results cannot explain the 
strange persistence in Lake lhema of 0. 
macrochir (60%  of tilapia catches) and 
the low representation of 0. niloticos 
(20%). 
Finally, we must emphasize the irn- 
portance of environmental factors that 
were not considered here, but that ob- 
viously create different life conditions 
that can  modify  the dynamic balance 
between  species within  a  defined 
biocenosis. 
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Abstract 
Growth performance and characterization of three strains of Oreochromis  niloticus present in 
C4te d'lvoire were compared through a study of enzyme polymorphism: the "Bouake" strain at 
the lnstitut des Savanes (IDESSA) research station in Bouake; the same strain kept in  confinement 
for the past slx years by a small-scale fish farmer In Western Cdte d'lvoire (Daloa): and a strain 
(named "Burkina Faso") from the Volta basin recently introduced at the IDESSA station in Bouake. 
The results of tests run for a duration of four months indicated that the growth performance of  the 
three strains met the requlrements of commercial aquaculturists (mean individual growth 22.5 g-day-'). 
All three strains were identlfied and differentiated using electrophoretic techniques. Results showed 
high levels of polyrnorphlsm, particularly in  the "Boualte" strain ltept at IDESSA. 
The authors conclude that all three strslns  show good potential For  aquaculture. The  strains 
present at the IDESSA statlon ("Bouake" and "Burkina Faso") are also polymorphic stocks that can 
be used in  genetic improvement programs. 
"Current address: c/o PCAMRD, Dr. Alfonso Eusebio Bldg., BPI Economic Garden, Los Bai5os. Laguna. 
Philippines. 
Turrent address:  lnstitut national agronomique Paris-Grignon  (INA P-G). Departement des sci- 
ences anirnales, GER amClioratlon genCtique et elevage. 16, rue Claude Bernard, 7523  1  Paris Cedex 
05. France. The lnstitut des  Savanes (IDESSA) re- 
search station (formerly  the "Centre tech- 
nique forestier tropical"  [CTFT])  in 
Bouake, Cbte d'lvoire is  at the origin 
of many transfers of 0.  ni/oticus  not only 
to different African countries but also 
to  Brazil (Lazard 1990).  From Brazil, the 
"Bouake" or "CBte d'lvoire" strain was 
transferred to Auburn University (Ala- 
bama, USA) (Lovshin and da  Silva 1975). 
Individuals of  0.  niloticus originally from 
CBted'lvoire also occur in  Israel (Hulata 
et al. 1985). 
Results from experiments using the 
lvorian strain at  Auburn University and 
in  Israel showed the relatively low fe- 
cundity of  this strain compared to a 
Ghanaian strain (Hulata et al.  1985: 
Smitherman et  al. 1988),  difficulties in 
improving  its growth  performance 
through selection (Teichert-Coddington 
1983) and inferior  growth potential 
compared to  an Egyptian strain (Khater 
1985). A  review of the current status 
of  these strains of  0. ni/oficus in  CBte 
d'lvoire was found necessary and it is 
in this context that the growth perform- 
ance of the three lvorian strains were 
tested at  the IDESSA station in  Bouake. 
Materials and Methods 
Origin of  the Test Strains 
The three test strains are the  Follow- 
ing: 
1. The "Boualte"  (Bk) strain  result- 
ing from the progressive mixing at  the 
IDESSA station in  Bouake of fish intro- 
duced in  1957 from Burkina Faso (Volta 
basin) and in  1968 from Uganda, but 
originally from the Nile basin. It is this 
mixed  or "synthetic" strain that was 
transferred to other countries and in- 
troduced  in  vast areas of the lvorian 
water system. As the 81t  strain is  the 
result of different  genetic  contributions, 
it may have been less homogeneous in 
the past than it is today. Therefore, diF- 
Ferences may be found in  the charac- 
teristics of the fish of this strain depend- 
ing on the time of transfer. 
2.  The "Daloa" (Da)  strain derived di- 
rectly from the Bk  strain. It is  used by 
rural  fish  farmers in  Midwestern C6te 
d'lvoire where  the strain was  introduced 
several years ago.  The fish on  these very 
small farms live in  confinement which 
may lead to  genetic drift. 
3.  The "Burkina Faso" (BF) strain in- 
troduced at  the Bouake station in 1987 
from the Kou  valley (Volta basin) to 
renew, if necessary, the Bk  strain (Lazard 
1 990). 
Evaluation of  the Growth 
Performance of  the Three Strains 
in the Context of  an Experlment 
for the Production of  Table Fish 
TEST FISH 
Manually sexed male fingerlings were 
used for this experiment. Whereas the 
fingerlings of the Bk  and BF  strains were 
nursed  at the Bouake station under 
comparable conditions, the fingerlings 
of  the Da strain were introduced already 
sexed from the fish farms in  Midwest- 
ern CBte d'lvoire. The nursing condi- 
tions for the Da strain were different 
from those adopted fop  the two other 
strains but one cannot tell the impact 
this may have had on the differences 
in  growth observed between strains. 
PONDS AND EXPERIMENTAL DESIGN 
Nine 50-mz ponds were used For  this 
experiment (four-month test period) at 
the Boualte station using a  randomized 
block experimental design (three replicates per "strain"). A summary evaluation of 
the  pond fertility was  done  to  determine 
block allocation before the beginning of 
the tests. To this end, male Fingerlings 
of 0. ni/oticus Bk  were stocked in  each 
pond at  a density of 0.8 ind.m-=  and reared 
for a duration of  one  month during  which 
no  treatment was applied to  the ponds. 
Pond production varied from a maximum 
of 530 g-pond-'.month-'  (1,272  kg.ha7'. 
year-') to a  minimum of  150  g.pond-'. 
month-' (360  kgha-'.  year-'). Ponds with 
the  three  highest-ranking yields were as- 
signed to  Block 1 ;  the  three following  yields 
to  Block 2; and the last three to  Block 3. 
The allocation of  the  different strains within 
each block was done by drawing of  lots. 
Stocking was done with  110 male 
fingerlings (2.2  ind.m-') with individual 
mean body weight of 28.55 g for the 
Bk strain, 31.79 g for the Da strain and 
39.61  for the BF  strain. 
FISH FEED 
Throughout the experiment, the fish 
received an industrial  pelleted feed 
produced in C6te d'lvoire ("2GE" from 
FACI'  containing 30% protein, 10% of 
which was of  animal origin). The feed 
was distributed ad libitum via feeders 
at  equal daily rates in all  ponds. Feed- 
ing rates were adjusted to  the lowest 
consumption rates among the nine 
ponds, and were increased or decreased 
depending on the consumption levels 
recorded at the end of  the day. 
The relationship  between the mean 
monthly feeding rates per pond and the 
estimated mean fish biomass per pond 
(estimation based on an evaluation of 
all  ponds) gave feeding rates of 4.7, 
2.6, 1.8 and 1.6%  of the Fish  biomass 
For  each of  the Four months OF experi- 
mentation, respectively. 
'FACI:  Fabrique d'alirnent de la C4te d'lvoire (Feed 
Producers of CBte d'lvoire). 
TEST HARVESTS 
Twenty-five to  55% of  the fish were 
harvested in  each pond every month 
using a  seine net to estimate the in- 
creases in individual weight. 
FINAL HARVEST 
All  ponds were totally drained after 
122  days of  experimentation. The fish 
from each pond were counted and 
weighed together. 
Electrophoretic Characterization of 
the Three Strains 
Thirty individuals per strain were ran- 
domly sampled at the end of  the cul- 
ture experiment. Samples  of muscle, eye 
and liver tissues were taken From each 
individual and deep-frozen. These sam- 
ples were pounded in  distilled water 
(muscle 1  g,ml,', eye 1  g.O.5 ml-')  and 
centrifuged to  5,000  r.rnin-' for 30 min- 
utes. For the  eye  tissues, one-third chlo- 
roform was  added to  eliminate glycopro- 
teins and glycolipids that can induce 
distortions during enzyme separation. 
This study was done using electro- 
phoretic techniques on starch gel. The 
separation and staining techniques used 
were modified from Krieg (1984)  and 
McAndrew and Majurndar (1  983).  Fol- 
lowing a protocol established by Rognon 
and  Guyomard (this  vol.). Eighteen en- 
zyme systems coded by 30 loci  were 
analyzed (Table 1 ). 
Results 
Comparison of Growth Performance 
Complete results are presented in Table 
2. Table 3 gives the mean daily indi- 
vidual weight gain (MDWG),  mean yields 
and mean feed conversion ratios (FCR). Table  1. List of the enzyme systems  studied: 
location in the  tissues,  structure  and the enzyme 
separation  buffer  used.  Tissues:  L  =  liver, M = 
muscle, E ;-  eye.  Enzyme separation buffers:  MC2 
=  morpholin citrate-pH 6.2 (gel =  5%). MC4 = 
rnorpholin  citrate-pH  6.6  (gel =  10%).  RW  = 
ridgway, TEB  =  tris-EDTA-borate. 
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Fig.  1 shows increases in mean individual 
weight and mean daily weight gain re- 
corded during the monthly test harvests 
and the final harvest. 
All three strains gave  satisfactory in- 
dividual growth results although the Bk 
strain scored higher with 2.85 g.day-' 
and a peak >3  g.day-' during the fourth 
month of  experimentation. Relatively 
weak FCR  (Bk  1.58;  Da 1.72;  and BF 1.85) 
were records. 
Yields  were compared  in  terms of 
growth and survival rates through sta- 
Days 
0  RF  ........ 
+k MDWG (g d '1 
G7.  Increases in individual weight and monthly 
growth for  the  three  strains  OF  Oreochromis 
niloticus.  Standard deviations are given in 
parentheses. 
tistical analysis. The analysis of variance 
and Student's t-test showed highly sig- 
nificant differences (at the 1  O/o  signifi- 
cance level) between the  yields of the 
Bk strain (20,376 kgha2'.year-I),  on  one 
hand, and those of the Da and BF strains 
(1  8,812 and 17,742 I<g.ha-'.year-',  re- 
spectively),  on the other. The differences 
in yield between the Da and BF strains 
were at the significance level of  5%. 
Comparison of  the Electrophoretic 
Cham  cteristics 
Allelic Frequencies at the polymor- 
phic loci, polymorphism and heterozy- 
gocity are presented in Table 4. Eight 
loci  are polymorphic in  the BIt  strain, 
four in BF and Five in Da. 
The stock used for aquaculture in Daloa 
is originally a strain of  0.  niloticus from 
Boualte  which was dispersed all  over 
CBte d'lvoire in the context of projects 
for  the  development  of  inland 
aquaculture. Compared to the other 
strains, that from Da  shows the high- 
est  rate of heterozygosity (7.32% versus Table 2.  Comparison of the growth performance of  three lvorian cultured strains of 0. nilotjcus Results from a four-month culture experiment in 50-rnz  ponds at the IDESSA station in Bouake. 
Test strains/replIcates 
0.  niloticus  0. nilotlcus  0.  niloticus 
Parameters  "Bouake" (Bk)  'Daloa"  (Da)  'Burkina  Faso" (BF) 
Block 1  Block 2  Biock3  Block 1  Block 2  Block 3  Bid  1  Block 2  Block 3 
Date of  stocklng 
Date of harvest 
Number of days of experlrnentanon 
Number of  Rsh stocked 
Stocking density (ind.m-I) 
Number of fish at harvest 
Survival 1%) 
Initlal mean individual weight (g) 
Final mean lndlvldual welght (g) 
Mean daily weight gain (MDWG) (g.day-'1 
Total initial welght (kg) 
Total final weight (kg) 
Production (kg) 
yield Ikg.ha-'.year '1 
Quantity  of feed distributed (kg) 
Feed conversion ratio (FCR) 
Production of  fry (kg) Table  3.  Summary  comparison  of the  mean  growth  performance  of three  populations  of 0. 
niloticus during a four-month culture experlrnent In nine 50-m2  ponds at the IDESSA station in Bouake. 
Parameters  0. nil0 ticus  0.  nilo ticus  0.  n/loticus 
"Bouake"  (Bk)  "Daloa" (Da)  "Burkina Faso" (BF) 




"tandard  deviations are indicated between parentheses 
Table 4.  Allele frequencies at polymorphic loci, mean heterozygosity (H) and mean polymorphism (P=95 
and 99%) for the three strains of 0.  nlloticus used in the growth experiments in ponds. 
Locus  Allele  0.  niloticus  0. niloticus  0. niloticus 
I3 I<  BF  D a 









6.96% and  5.86%  for  BI<  and  BF, 
respectively)  although  levels  of 
polymorphism are lower in  this strain 
than in the Bouake stock. 
Discussion 
These growth performances obtained 
in  pond-culture  conditions character- 
ized by poor water renewal and the ab- 
sence of  artificial aeration, compare  well 
with the  growth of 0.  niloticus recorded 
in  the specialized literature (Mglard 
1986). 
The low FCR reflect not only the  good 
potential of  the test strains, but also 
good  feed  quality  and  efficient 
distribution and feeding techniques. 
While the differences in growth per- 
formance between the BI< and BF strains 
are most probably due to differences 
among these strains, a  more cautious 
approach is  needed regarding the dif- 
ferences observed in the Da strain. These 
may be due  to  the fact that the nursing conditions (very long period of nursing 
with feed of  poor quality) for the Da 
strain were less favorable than For  the 
other strains. 
Heterozygosity was higher in the  three 
populations studied than in  the natural 
populations from the Nile (McAndrew  and 
Majumdar 1983), the Volta or the Niger 
water systems (Rognon and Guyomard, 
this vol.). These observations can be ex- 
plained by the history of the Bk  strain origi- 
nally constituted by mixing from  1968 
onward (see above) of two populations 
of  0,  niloticus originally from the Volta 
and the Nile basins, respectively. Other 
cultured populations oFC6te d'lvoire, origi- 
nally  of  the Bk  strain  and used  for 
aquaculture or for stocking  hydroelectric 
reservoirs, have also shown similar lev- 
els of heterozygosity and polymorphism 
(Rognon and Guyomard, this voi.). 
By contrast, in cultured stocl<s  reared 
in  other  countries,  very  variable 
heterozygocity  levels have been ob- 
served, such as 1.35%  for one  popula- 
tion in Thailand (Macaranas  et  al. 1986) 
or 8.88%  in Japan  (Basio and Taniguchi 
1984).  The high heterozygosity levels 
that are oFten observed in stocks of 0. 
niloticus used For  aquaculture in  the 
Philippines  are  due to a  genetic 
introgression  by  0. mossambicus 
(Taniguchi et  al. 1985;  Macaranas et  al. 
1986). 
The growth performance and the 
electrophoretic characteristics of the 
three cultured  strains of 0. niloticus 
tested in our study do  not reflect any 
loss in  genetic variability in  compari- 
son  with the original natural populations. 
Founding and maintaining these stocks 
in captivity seem  to  have had little nega- 
tive impact (such as founder effect, bot- 
tlenecks and inbreeding) on  genetic  vari- 
ability. In terms of  growth performance 
and geneticvariability, the Bouake strain 
dominates all others. 
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Abstract 
Enzyme proteln polyrnorphlsm was studled In 12 stocks of Tilapia gulneensis (238 Individuals) 
and seven populations of Sarotherodon melanotheron (221 individuals) from C6te d'lvolre. Senegal 
and Gambla. Of  the 28 locl coding 15  enzyme systems.  17 were found to be polymorphic In T. 
guineensisand 11 in  S.  melanotheron. In both specles. the Senegalese stocks are clearly differentiated 
from the lvorian populations. Wlthln each group, each populatlon Is clearly dlstlngulshable. The 
high polyrnorphlsm observed In the stocks of both specles warrants their use In programs of genetic 
improvement through selection or Interspeclflc crossbreeding. 
Sarotherodon  melanotheron  and 
Tilapia gdneensls are  two  species of la- 
goon tllapia found along the West AF- 
rican coastal  zone, from Senegal to 
Congo. They can live in  freshwater or 
in  saltwater (salinity of 100  ppt). S. 
melanotheron is mainly phytophagous. 
In  C6te d'lvoire,  it is  used in  acadja- 
based farming systems. Because of their 
high resistance to  salinity, both species 
offer possibilities for crossbreeding  with 
species that grow fast but have poor 
salinity tolerance, like  Oreochromis 
niloticus. The aim of this study was to 
increase knowledge on the genetic 
polymorphism of both species and their 
use in interspecific breeding programs. 
Materials and  Methods 
Four  hundred and Fifty-nine  individu- 
als from 19 populations were studied. Sam- 
pling areas  are shown in Fig.  1  (note  that 
all sampling sites for Senegambia are in 
Senegal, except for Banjul, Gambia). Upon 
capture, the specimens were kept in ice 
for a few hours then dissected in the  labo- 
ratory. Eye, muscle and liver tissues (ap- 
proximately 1 cm3)  were taken from each 
individual and each tissue sample was 
preserved in  liquid nitrogen until it was 
analyzed. Enzyme electrophoreses using 
starch gel were conducted following the 
protocols of  Pasteur et al. (1988) and 
McAndrew and Majumdar (1  983). 
Table  1  shows the enzyme systems 
investigated, the bufFers  used and the Senegal 
Fig. 1. Location of  sampling areas. For  Tilapia guineensis, in CBte d'lvolre: (1  )  Adlapote. (2)  Layo, 
(3) Adiopodume,  (4)  Tupah,  (5)  Bietry, (6) Abenguru  Bridge and  (7) Anga:  in Senegarnbia: (8) 
Misslrah. (9)  Fundiugne, (10)  Jiffer. (1  1) Banjul and (12)  Pikine. For Sarotherodon melanotheron. In 
Cdte d'lvoire: (1  3)  Adiopodurne. (14)  Anga and (1  5)  Bietry: In Senegambia: (16)  Dakar. (1  7)  Somone. 
(18) Banjul and (19) Missirah. Table  1. Enzyme systems, organs (L=Liver; M=rnuscle: and Y-eye)  and buRers used 
during the  analysis. The  systems  were coded following the  recommendations  of 
Shaklee et al. (1989). The  buffers are those of  McAndrew and Majurndar  (1983), 
Basio and Taniguchi (1984) and Pasteur et al. (1988). 
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SOD  SOD- 1 organs in  which the various loci  are 
expressed. The nomenclature is  that 
proposed by Shaklee et  al. (1  989). 
The electrophoretic data  were analyzed 
using the  BIOSYS 1 program of Swofford 
( 1989).  The genetic distance index used 
was calculated following Nei (1  978). 
Results and Dlscusslon 
Tables 2 and 3 present the allele fre- 
quencies and the heterozygosity esti- 
mated for the  different test populations. 
In  T. guineensis, observed  hetero- 
zygosity varied  between 0.01  5  (Lake 
Pikine, 12)  and 0.132  (Adiapote, I ). On 
the  whole, these are  comparable to  the 
values found in previous studies of  other 
tilapia species (McAndrew and Majumdar 
1983; Basiao and Taniguchi 1984). 
Very few  significant differences were 
found between the allelic frequencies 
observed and those expected follow- 
ing Hardy Weinberg's equilibrium hy- 
pothesis. These can be considered as 
panmictic populations. 
The dendogram (Fig. 2) generated us- 
ing Nei's genetic distance matrlx (Table 
4) shows  the grouping of the lvorian la- 
goon  populations and of  the  Senegambian 
lagoon stocks. Only two stocks are out- 
side these groups: the Pikine stock (12) 
and the  Abenguru Bridge stock (6).  Both 
are  characterized  by  the  lowest 
heterozygosities (0.01  5 for the Pikine stock 
and 0.01  9 for the  Abenguru Bridge stock). 
These low H  values partly explain the 
greater genetic distances observed be- 
tween both stocks and the geographic 
groups from which they originate. 
The Pikine  stock was captured in  a 
pond fed by the water-table also sup- 
plying the  nearby suburbs  of Dakar. When 
water level is low, the  surface area and 
volume of water available to fish de- 
crease considerably (depth <  1 m/km2 
of surface).  Consequently, predation by 
birds and humans is  high. 
At the end of the low water level 
period, the  population size is  thus low. 
These regular bottlenecks may explain 
the  very low rate of  polymorphism ob- 
served in this population. 
The Abenguru Bridge stock shows  two 
diagnostic alleles (LDH-1 B and LDH-3 
0,  that is, alleles that are  specific to  this 
population and that are absent in the 
potentially sympatric populations of  Ebrie 
Lagoon:  Adiapote  (I),  Layo  (2), 
Adiopodume (3),  Tupah (4)  and Bietry (5). 
There is a gene flow barrier between this 
population  and those occurring down- 
stream  from  the Cornoe  basin.  The 
Senegambian stocks seem well differen- 
tiated from each other, often by several 
diagnostic alleles:  FBP-I  D and PGM C 
for the  Pikine stock, AAT-2 E (Fundiugne, 
9 and Banjul, 1  I), EST-4 D (Missirah, 8; 
Fundiugne, 9; and Pikine,  12), FH-I D 
(Missirah, 8; Fundiugne, 9, Banjul,  1  1 ), 
PGJ-2 F(Missirah, 8: Fundiugne, 9;  Jifkr, 
10;  and Banjul, 1  1)  and PGM-1 6  (Missirah, 
8 and Banjul,  11). 
In  S.  melanotheron stocks, observed 
heterozygosity varied  between 0.035 
(Anga, 15)  and 0.07  1  (Dakar, 16).  There 
was no significant difference between the 
allelic frequencies observed and those 
expected following Hardy Weinberg's 
equilibrium hypothesis. 
The dendogram (Fig. 3) generated 
using Nei's genetic distances (Table 5) 
shows  the grouping of the lvorian stocks 
and the Senegambian stocks. In  the 
lvorian group, two populations of Ebrie 
Lagoon, Adiapote ( 1  3) and Bietry ( 1  5), 
are grouped together, in contrast to  the 
Aby Lagoon population (Anga, 14).  There 
are  diagnostic alleles in all these  stocks: 
AAT-3 Cand PGI-2 E (Anga, 14).  FH 0 
(Bietry, 15),  PROT-1 D (Dakar, 16). FBP- 
I A and PGM  C (Somone, 17), PC/-.?  D 
(Banjul, 18)  and IDH-2 A (Missirah. 19). Table 2.  Genic frequencies observed at polymorphic locl and sample size (N)  of Tilapiagulneensis. List ofstatlons. 
in C8te d'lvolre: (1) Adlapote, (2)  Layo. (3) Adlopodurne. (4) Tupah.  (5) Bletry.  (6) Abenguru  Bridge and (7) 
Anga: In Serlegarnbia: (8) Misslrah. (9) Fundiugne, (10) JlFfer. (1  1) Banjul and (12) Piklne. The locl AAT-I. CK-I. 
CK-2, FBP-2,  GPI-2, IDHP-2. PROT-Z and SOD  are rnonomorphic For  the same allele In the samples. 
Populations  12  3  4  5  6  7  8  9  10  11  12 
(N)  (7)  (10)  (10)  (18)  -  (13)  (19)  (47)  (14)  (33)  (3)  (34)  (30) 
Locus  Alleles 
AAT-2 












MDH-  I 
MDH-2 
PGM 
PROT- I Table 3.  Genic frequencles observed at polyrnorphlc loci and sample size (N)  of Sarotherodon melanotheron 
In CBte d'lvolre: (1  3)  Adlopodume, (14)  Anga and (1  5)  Bletry: and In Senegarnbla: (1  6) Dakar. (1  7) Somone. 
(18)  Banjul and (19)  Missirah. The loci AAT-I, AK, FBP-2. CK-I. CK-2, EST-2,  EST-3. GPI-I. IDHP-I. LDH- 
I,  LDH-2, LDH-3, MDH-I,  MDH-2, PROT-Z and SODare monomorphlc for the same allele In all populatlons. 
Populations  13  14  15  I6  17  18  19 
(N)  (13)  (40)  (44)  (27)  (29)  (32)  (36) 
LOCI  Alleles 
ADH  A 
6 
ALP  A 
6 
EST- I  A 
B 
FBP- 1  A 
6 
FH  A 
B 




IDHP-2  A 
B 
PGM  6 
C 




0.20  0.10 
Nei's genetic dince 
Fig. 2. Dendogram showing the 
genetic  relatlonshlps  between the 
various  populatlons  of  TlIapla 
gulneensis. This dendogram was 
generated using Nei's distance 
matrix (1978) (Table 4) and the 
BIOSYS  1 program of  Swofford 
(  1 989). Table 4. Nei's genetic distance (1  9781 For  the various  stocks of Tilapiaguineensjs obtained from the allelic frequencies (see Table 2) using the 
BIOSYS 1  program of Swofford (1989). 
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Fig.  3. Dendogram showing the 
genetic  relatlonshlps between the 
various populatlons of Sarotherodon 
melanotheron.  This dendogram was 
generated using Nei's distance matrix 
(1978) (Table 5) and the BlOSYS  1 
program of Swohrd (1  989). 
Table 5. Nei's genetic distance (1978) for the various stocks of Sarotherodon melanotheron obtained From 
the allelic frequencies (see Table 3) using the BlOSYS  1 program of SwoFford (1  989). 
Populations  13  14  15  16  17  18 
- --  -  .. - 
13  ADIOPODUME 
14  ANGA  0.972 
15  BIETRY  0.992  0.990 
16  DAKAR  0.898  0.888  0.894 
17  SOMONE  0.918  0.893  0.91  7  0.983  - 
18  BANJUL  0.913  0.919  0.924  0.985  0.989 
19  MISSIRAH  0.902  0.88  1  0.894  0.974  0.974  0.973 
The significant differentiation observed 
between these populations supports 
Trewavas (1983),  who distinguished 
several subspecies in  West Africa. The 
populations of Banjul (1  8)  and of Mlssirah 
(1  9) may be identified as the subspe- 
cies S. melanotheron heudelotii, and the 
population of  Dakar (1  6)  as S. melano- 
theron paludinosus. No morphometric 
study has ever been conducted on the 
individuals of  Somone (17). A11  the 
lvorian stocks, Adiopodume ( 1  3),  Anga 
( 14)  and BIetry (1  5),  may be identified 
as the subspecies S.  melanotheron 
melanotheron. 
The genetic variability in  both  T. 
guineensis  and S. melanotheron shows 
a  sharp differentiation  between the 
lvorian and Senegambian stocks. This 
significant differentiation warrants per- 
formance comparisons among strains 
from both regions. 
Some populations of  both species 
show  high heterozygosity rates (0.132 
for the Adiopote stock [I]  of Z  guineensis 
and 0.067 for the Dakar stock [I61 of 
S. melanotheron). Individuals from these 
stocks could be used in  interspecific 
crossbreeding where they would be likely 
to  contribute many new genes. 
Lastly, the high level of polymorphism 
observed warrants further studies in other 
sampling areas (Guinea. Cameroon and 
Congo) using other genetic  techniques such as sequencing of mltochondrlal 
DNA. 
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Abstract 
Triploidy was  induced by  heat-shock in 50 egg batches of tllapia.  Determination of triploldy 
was done by chromosome examination during the embryonic phase. For growth and gonadal development 
studles, a treatment was chosen which gave 100% triploid embryos in the samples used for chromosome 
examlnation. After optimizing temperature  treatment,  time of exposure and duration of shock, 
growth and gonadal development of triploids till the age of 220  days were studled in 18 full-sib 
farnilles.  Half of each full-sib famlly was malntained as a diploid control over the whole perlod. At 
the 336th day, half of each batch (diploids and triploids) was killed and the following parameters 
were examined for each individual fish: body weight, body length, sex, gonadal weight and development. 
and number of chromosomes. The procedure was repeated on the 178th and the 220th day. In 
total,  1.304 diploid and 1,228 trlploid fishes were analyzed.  In general, triplolds showed poorer 
growth performance than diploids. At all ages,  the gonadal development in the triplold groups 
was significantly poorer than in diploids. Triplolds proved Incapable of producing viable progenies. 
lntroductlon 
Stunting is the main problem in tilapia 
production, caused by early and uncon- 
trolled reproduction before fish achieve 
marketable size. Triploidy of fish could 
be a simple solution. Few attempts have 
been made to produce triploid tilapia 
(Valenti 1975; Chourrout and ltskovich 
1983; Penman et al. 1986; Pandian and 
Varadaraj 1990).  Comparative studies 
on gonadal and growth development 
of diploid and triploid tilapia have been 
carried out so  far only with small stocks 
of  fish and For  relatively short periods. 
This study aimed to optimize a tech- 
nique to obtain triploid Nile  tilapia 
(Oreochromis niloticus) and to test 
triploid tilapia for growth and gonadal 
development in  comparison with dip- 
loid full-sibs for a period including sexual 
maturation. 
Materials and Methods 
0.  niloticus (Lake Manzala, Egypt) 
received from the  Institute of Aquacul- 
ture, Stirling, Scotland, were used as 
broodstock. In  total, 40 females and 40 
males derived  from this broodstock 
served as parents in  this experiment. 
The studies were carried out in  the 
recirculation system of the Institute of 
Animal  Husbandry  and  Genetics, 
University  of  Gottingen  under standardized environmental conditions 
as described by  Kronert et al. (1  989). 
Egg  batches were produced by  sin- 
gle-pair  matings carried  out in  125-1 
aquaria, applying a  12L/  12N photo- 
period regime. Immediately after depo- 
sition of the first few eggs on the bot- 
tom of  the tank, the females were re- 
moved from the tanks, anesthetized and 
stripped. Eggs were collected in  small 
sieves (75 cc) without water contact. 
Milt was obtained by dry stripping. For 
fertilization, milt was diluted  1 :I with 
O.BO/o NaCl  solution and mixed by drawing 
it up into a pipette repeatedly. The eggs 
and sperm solution were gently shaken. 
Immediately thereafter, the egg batches 
were covered with  tap water at 31°C 
with  pH  8.1. After addition of  water, 
the egg batches were constantly stirred 
for  30 seconds and then divided  into 
two groups. For  each trial, one group 
was triploidized while the other group 
served as a diploid full-sib control. 
For retention of the second polar body, 
a heat shock treatment was applied. After 
testing with modification of  the treat- 
ments described  by  Chourrout and 
Itsl<ovitch (1  983) and  Penman  et al. 
(1986) on 32 batches, the following 
method was chosen based  on experi- 
ence of  successful triploidization and 
hatching with 18  batches (see  Puckhaber 
1992).  Four minutes after fertilization, 
the sieves with batches to be triploidized 
were carefully transferred to a constant 
temperature water bath at 41°C, then 
slightly stirred and after 4.5 minutes 
returned to the plastic bowl. After  15 
minutes, eggs from control and treated 
groups were counted and transferred 
to the hatching unit. 
For  artificial hatching of  the eggs, a 
special incubator was used at 27OC with 
constant water inflow. Further informa- 
tion concerning this hatching unit is given 
by Habitsky-Biester (I  987).  For detecting 
triploidy  in  the treated  egg batches, 
chromosome examinations were carried 
out on  embryos and  adult fish. Ten 
embryos out of  each treated batch were 
examined. Only batches in which all 10 
embryos proved  to be  triploid  were 
chosen for rearing. 
For chromosome examination, a tech- 
nique  used  by  Kligerman  and  Bloom 
(1 977) was modified as follows: 40-hour- 
old embryos were kept for 4 hours in 
0.4% colchicine solution at 26°C; then 
moved to a Petri dish containing 0.7% 
NaCl  solution and dissected. Afterwards, 
they were transferred to a 1.1  % sodlum 
citrate solution for  10 minutes. There- 
after, the samples were fixed in an ethyl 
alcohol  (3):  acetic acid  (1  ). (vol:vol) 
solution. This fixative was changed twice 
after 30 minutes, respectively.  After- 
wards the embryonic tissue in the fixative 
was left overnight at -20°C. For the dis- 
sociation of  cells, a 50%  acetic acid so- 
lution was used. After  5 minutes, the 
cell suspension was mixed in  a pipette 
and dropped on to a prewarmed-slide 
(50°C).  The air-dried slides were then 
stained with Giemsa. 
For chromosome examination of treated 
adults, colchicine solution  (2%)  was In- 
jected into the dorsal muscle (2  mg  1,000 
g-')  4 hours before the fish were killed. 
Gill tissue was then taken and treated like 
the embryonic tissue described  above. 
Feeding and  rearing  of  the diploid and 
triploid full-sib groups were as described 
by  Kronert et al. (1989).  A summary is 
shown in Table  1. 
To  ensure the same environmental 
conditions for triploids and their cor- 
responding diploid full-sib groups, stock- 
ing densities were equalized by random 
sampling every two weeks. At the age 
of  136 and 178 days, half of  each dip- 
loid and triploid group, and on the 220th 
day the rest of  each group, were killed. 
The following parameters were recorded: 
body weight, total length, sex, gonadal 
weight, stage of  gonadal development Table  1. Rearlng and Feeding regimes of  diploid and triploid Oreochromls 
nlloticus families in 80-1 tanks. 
No. of full-sibs 
per family  Daily  ration as  Crude proteln 
Age (days)  Diploid/Triploid  % (body weight)09  content (%) 
and chromosome number. The gonadal 
development was classified according 
to Kronert et al. (1989)  and Oldorf  et 
al. (1989) (Table 2). A  total  of  2,532 
fishes was examined, 1,304 of  which 
were diploids and 1,228  triploids. For 
testing reproductive capability, one male 
and one female from each batch were 
kept and tested in  the spawning area. 
Results and Dlscusslon 
A total of  18  full-sib families was stud- 
ied over 220 days. The average sex ra- 
tio (rnale:female)  was 1 :0.86 in diploids 
and  1 :0.87 in  triploids. The chromosome 
set examination of  the 1,228  triploidized 
fish revealed, in three batches, one fish 
to be diploid (0.24%).  As  these were 
single cases, an escape from the dip- 
loid control groups during handling is 
the most likely explanation. The modi- 
fied heat shock method resulted in  100% 
triploidization and may be used For  large- 
scale triploidization, even under tropical 
Farm  conditions. 
Gro  wth Comparison 
In  general, triploids showed poorer 
growth performance than diploids, as 
also observed by  Penman et al. (1986). 
Even  after sexual maturation, growth 
performance of triploids was not found 
to be  better than  that of  diploids as 
observed,  for  example,  in  trout 
(Thorgaard  1986). However, growth 
differences between diploid and triploid 
full-sibs varied distinctly among batches. 
Minimum  and  maximum  weights be- 
tween triploids and diploids within 
batches were in  the range of  +36%  to 
-48%. 
Fig.  1 shows the average growth de- 
velopment of  the groups examined, at 
three ages. At all ages, the triploids had 
significantly (P<0.01)  lower body weights 
than the diploid control groups. Body 
weight of  triploid males was on aver- 
age 38% lower than that of diploid males. 
For  females, a mean  body weight dif- 
ference of  only 29% was found between 
diploids and triploids. Females in  both 
(diploid and triploid) groups showed a 
poorer average growth rate than males, 
except triploids on the 136th day. The 
average weight difference between males 
and females in  the triploid groups was 
lower (1  3.3%)  than in the diploid groups 
(24.6Oh) (P<0.01). 
Gonadal De  velopment 
Under  our laboratory  conditions, 
spawning activities as well as egg depo- 
sition of  diploids were suppressed by 
the limited  space. This was indicated 
by the gonadal development of diploid 
females. At  the age of  220 days. 75% 
of diploid  females were  found to be 
overripe (maturity stage 4 = spent). Table  2. Gonad development  stages  in female  and male tilapia 
-- 
Stage 
-  ~ - 
Females (Kronert et al. 1989) 
-  -  - 
1.  immature/inactive  no eggs  vlsible 
2.  inactive-active  <20 eggs visible, size 10.2 mm 
3.  active  >20 eggs visible,  size  10.2 rnm 
4.  active-rlpe  eggs yellow,  size 0.2  -  1.1  rnrn 
5.  ripelripe-running  eggs yellow, size >  1.1  mrn 
6.  spent  absorption of  yolk material, eggs whlte 
Stage  Males (Oldorf et al.  1989) 
1.  immature  thread-like,  colorless 
2.  inactive  translucent,  wider  than  above 
3.  inactive-active  flesh  colored,  still  thin 
4.  active  white/yellowish,  thickened,  no  milt 
apparent  when  cut 
5.  active-ripe  cream-colored,  thlck  and  enlarged 
6.  ripe  distended  fully  over length of visceral 
cavity, milt evident when  testis cut 
7.  ripe-running  white/silvery,  milt runs freely  under  pressure 
Fig.  1. Growth of diplold (Di) and 
trlploid (Tri) Oreochromis nllotkus 
(M=males: F=females) (and  standard er- 
rors) as  a function of age. 
Fig.  2 illustrates the average gonadal 
development of  the diploid and triploid 
groups. At all ages, the gonadal devel- 
opment in  the triploid groups was sig- 
nificantly poorer (P<0.01)  than in  the 
diploid full-sib control groups. The diF- 
ferences in  gonadal development be- 
tween diploids and triploids were more 
pronounced in  females (60.6%)  than in 
males (34.7%).  The  testes of  triploid 
males appeared to be shorter and more 
translucent than those of  diploid males. 
Gonads of  trlploid males classified "ac- 
tive" contained a clear liquid in  which 
only a Few  deformed spermatozoa were 
found. The triploid females showed only 
ova with underdeveloped white oocytes. 
The mean  gonadosomatic index (CSI) 
shown in  Fig. 3 also proved to be sig- 
niFicantly lower (P<0.01)  in triploids than 136  1  78  220 
Age (dm 
Di (M)  Tri  (M) 0  Di (F)  Tri (F) 
Fig. 2. Gonad devel- 
opment (and stand- 
ard errors) In dlplold 
(Di) and triploid (Tri) 
Oreochromis 
nllotlcus (M-males; 
F=females) as a func- 
tion  of  age.  The 
maturity stages cor- 
respond to the go- 
nad  development 
stages in Table 2. 
Fig.  3. Gonadosomatic 
Index  (GSI and  standard 
errors) of diploid (Dl) and 
triploid (lrl)  Oreochromis 
nlloticus  (M=males: 
F=femaies) as  a functlon 
of age. in their diploid Full-sibs. All tests showed 
a lower average GSI  (49.4%)  for triploid 
males than for diploid males. In  females. 
the GSI difference was even more dis- 
tinct (91.3%  lower for triploids than for 
diploids). 
For testing sterility, triploid fish were 
paired with diploid partners. The-pairs 
of  triploid  females and diploid  males 
were observed for  three months: no 
spawning occurred during this period. 
Mating of  triploid  males with  diploid 
Females resulted in spawning in  all cases, 
but gave no viable larvae. Triploid  0. 
ni1otVcus thus proved incapable of pro- 
ducing viable progenies. 
More testing of triploids will now be 
started under practical extensive pond 
conditions. When compared to diploids, 
the advantage of  Functional sterility OF 
triploids may  result in  better growth 
performance than under these labora- 
tory conditions. Studies of  net carcass 
and meat quality of  triploids will  be 
included. Special attention will be given 
to pond productivity. 
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Abstract 
Parental behavior in  tilaplas Is generally considered to have evolved to enhance the survlval of 
the progeny. Under cultured condltlons, however, breeding conditions and aspects of thelr reproductive 
behavior may be altered and this may affect the quality of the brood. Aspects of the breeding 
behavior were therefore investigated under hatchery conditions in Oreochromis niloticus and 0. 
rnossambicus to determine the influence of male spawning frequency on the fertility rates of  eggs; 
the Influence of female brooding on fry quality: the growth of artificially incubated and naturally 
brooded slblings: and the influence of delayed initial feeding on fry quality. In both species, the 
number of developlng eggs In a clutch declined rapidly with the increase in  male spawnlng frequency 
on a given day. With four spawnlngs per day. the fertility rates achieved by the males decllned 
from over 90% to below 30%. The relatlonships between the buccal cavity, total egg and fry volumes 
suggest that the egg and fry volumes are considerably lower than the buccal cavity volumes. For 
11-12 cm 0. niloticus and 0.  rnossambicus females'  egg clutch volumes were only 10-1'5% and 
15-40% of  the buccal volumes, respectively. Losses of newly hatched fry increased llnearly between 
five and eight days postspawning and up to 25% of the clutch were damaged. The types of fatal 
damage are presented. 
In all clutches, the artificially reared fry  were significantly  heavier  and longer (P<0.05) than 
their naturally reared siblings. This difference depended on the timing of the initial release and 
differences of up to 200% were observed. Delaying initial feeding beyond six days posthatching 
decreased growth significantly (P<0.05). This decrease was greater if the fry originated from smaller 
broodstock and hence smaller eggs. The implications of these flndlngs are discussed in  relation to 
hatchery productlon. 
lntroductlon 
In  Oreochromis species, mate selec- 
tion and successful prespawning court- 
ship between a male and female can lead 
to  a temporary pair bonding and even- 
tual spawning. The female remains in 
the males' courtship territory and will 
release several batches of eggs (20-50 
eggs/batch) which are immediately fer- 
tilized  by  the male, over a period  of 
45- 120 minutes (Trewavas 1983).  On 
completion of  spawning, the female 
"Current address:  FA0  of the United Nations. Vlale 
delle Terme dl  Caracalla, 00100 Rome. Italy. 
leaves the spawning site to rear  her 
clutch. Under hatchery conditions, how- 
ever, aspects of this behavior may be 
perturbed such that the overall produc- 
tion  of  fry  may be reduced. Specific 
aspects of  the reproductive behavior 
under captive conditions were there- 
fore identified for investigation (Fig. 1). 
To ensure their paternity of offspring, 
Oreochromis  males  establish  and 
vigorously defend nest sites on common 
breeding grounds.  A  prespawning 
female, on the other hand, visits breeding 
grounds to select one of a few males 
to fertilize  her clutch. Consequently, infighting among males may result in 
a few dominant males fertilizing eggs 
of a disproportionately large number of 
females. 
To sire as many offspring as possi- 
ble, one  would expect the male to  shed 
sufficient milt to  maximize the fertili- 
zation in each batch of spawned eggs 
and to  ensure the female deposited all 
the eggs in his nest. 
The first trial described here was there- 
fore conducted to test the hypothesis 
that if the male fertilizes several batches 
of eggs, the fertilization rates of subse- 
quent batches of eggs may decline. 
The female, however, collects the eggs 
into her buccal cavity and leaves the 
spawning site to rear her clutch, dur- 
ing which time the viable eggs hatch 
and the total volume of the clutch in- 
creases. The second trial was therefore 
conducted to determine if buccal vol- 
ume was a limitlng factor as suggested 
in earlier studies by Aronson (1  949) and 
Baerends  and Baerends van-Roon ( 1  %O), 
and to  evaluate the Implication of  oral 
Fig.  1. Breeding events in  Oreochmrnls 
species. 
rearing under hatchery conditions on 
fry damage. 
The duration OF  buccal  rearing, espe- 
cially the time at first  release of  fry  in 
Oreochromls species, can vary among 
females and between spawnings of  the 
same female (Rana 1986, 1990).  Clearly, 
if the flnal  release of  fry Is  delayed be- 
yond their first feeding stage, their growth 
and survival potential may be reduced. 
In  view of the possible implication 
of the above interacting factors of  re- 
productive behavior on egg viablllty and 
the quality of the fry, in terms of  sur- 
vival and growth, trials were conducted 
to determine the effects of: 
1.  male spawning frequency on fer- 
tility rates of egg clutches; 
2.  buccal volume and rearing on fry 
survival: 
3.  mouthbrooding on the growth of 
naturally reared fry when compared to 
their artiflcially reared siblings; and 
4.  delayed initial  Feeding on the 
growth and survlval OF Fry  OF 0. nllo~lcus 
and 0.  mossamblcus. Materials and Methods 
Effect of  Male Spa wnlng Frequency 
on Fertility Rates  of  Naturally 
Spawned Egg  Clutches 
Males and females were conditioned 
separately in  1 -mZ  tanks and were fed 
three times a day on a daily ration of 
1-2% of their body weight. The females 
were starved 24 hours prior to  the com- 
mencement of  each trial. Eight females 
and one dominant male were selected 
and transferred to  a 3-mZ  spawning tank 
containing 35 cm of water. Females were 
identified with a numbered tag  and were 
color-coded  with subcutaneous Injec- 
tions of Alcian blue dye. The fish were 
fed ad libitum  three times a  day and 
observations were made daily for spawn- 
ing activity and the sequence noted in 
which  individually tagged females 
spawned. Twelve hours after the last 
spawning of the day, the eggs from all 
the females were separately removed, 
number identified and then returned to 
the spawning tank. A  random sample 
of about 100  eggs From each clutch was 
preserved in Bouin's fluid and the number 
of  developing eggs noted. Each  trial, 
which lasted for 5- 18 days, was repeated 
four times for each species. 
Fry  Losses  Assodated with Mouth- 
broodlng 
Tagged and color-coded females ( 1 2- 
18  months of age) were stocked in  1 - 
and 3-m2 breeding tanks (water depth 
35 cm) at  a sex ratio of 3 Females: 1 male 
(8  fish) and 100-1 glass aquaria (4  fish). 
fed 1-2% body weight per day and held 
at 28OC. 
Tanks were observed several times a 
day and spawning dates of  individual 
Fish  were recorded. Brooding females 
were allowed to rear their clutches for 
between 5 to 12  days. The hatchlings 
were then carefully removed in a dou- 
ble netted net: an outer 1-mm and in- 
ner 5-mm mesh to facilitate the sepa- 
ration  and  collection  of  eggs  and 
hatchlings from parent with minimal 
damage.  The clutch was  then placed in 
a  15-cm diameter Petri  dish contain- 
ing clean water. Damaged fry were  then 
quickly separated and examined under 
a dissecting microscope. Damaged fry 
with a heart beat were assumed to be 
an  artifact of handling and therefore these 
were added to the undamaged total. 
Five  brooders were sampled for each 
brooding period. 
Estlmatlon of  Buccal Cavity and 
Clutch Volumes 
Buccal  cavity volumes were deter- 
mined indirectly by water displacement 
of cavity casts made from expandable 
foam (Handy foam plus-FEB [Great Brit- 
ain] Ltd., Manchester, England). 
Various sizes of females were killed 
with an overdose of benzocaine, tagged 
for later identification and their weights 
and  standard  lengths  recorded. 
Expandable foam was injected into all 
areas of the oral cavity and the mouth 
was held shut with a bent syringe nee- 
dle and allowed to  set for 90 minutes. 
During the setting stage,  a syringe needle 
with  the tip bent to form an "L"  was 
inserted into the body of  the cast to 
facilitate later handling. The casts were 
then removed by cutting along the floor 
of the buccal  cavity and lower jaw, 
washed and dried at  room temperature. 
Triplicate estimates of volumes of the 
casts were determined by weighing the 
displaced water on a  tared top-pan 
balance. 
To determine egg  numbers, eggs from 
varying sizes of  females were placed 
in  a  Petri  dish and photocopied.  Egg 
volumes  were  determined  by  the 
displacement method using  a  5-ml graduated measuring cylinder to an 
accuracy of  0.1 ml. The volume of  I00 
swim-up fry From  these egg clutches were 
similarly measured and maximum clutch 
volumes were calculated, assuming all 
eggs developed into fry. 
Gro wth of  A rtfJcia11' and Naturaliy 
Reared Silrllngs 
Spawning tanks of  broodstock were 
set up in  I -m2  tanks as described in  the 
section on fry losses above. In  addition, 
when the broodstock were Fed, ground 
and sieved (250-500 pm), Feed contain- 
ing 40°/o  protein (Pellet No. 4, Edward 
Baker Ltd., Bathgate, Scotland) was also 
added to the tanks in excess as a source 
of  food for any fry that may be released. 
Brooders  were  observed  daily  for 
spawnings. Brooders were gently guided 
into a large net and their mouths quickly 
held  shut to prevent release of eggs. 
The  mouth  of  each female was then 
gently partially opened to release about 
100 eggs before returning her to rear 
the remainder of  her clutch naturally. 
The date of  spawning and tag identifi- 
cation was noted. To minimize the mixing 
of  fry released from different Females, 
eggs of  brooders spawned within two 
days of  the last recorded spawning were 
removed and discarded. The eggs re- 
leased  were artificially incubated  in 
round-bottomed incubators (Rana 1986). 
Swim-up fry were stocked at 10 per liter 
and  fed  to excess four  times per day 
on the same feed as used in  the spawning 
tanks. 
Feeding of  the artificially reared fry 
was terminated  when  their  naturally 
reared  siblings were first observed to 
be released From  the female. The natu- 
rally reared fry were carefully collected 
and they and  their artificially  reared 
siblings were held  separately For  four 
to five hours in  clean water to evacu- 
ate their gut contents. They were then 
killed  in  benzocaine and the standard 
lengths of  duplicate random samples of 
20 fry were measured (to  0.1 mm), and 
their mean moisture (%)  and dry welghts 
(to  0.1 mg) determined. 
Results and Dlscusslon 
Effect of Male Spa wnlng Frequency 
on the Fertility Rates of Naturally 
Spa wned Clutches 
These studies suggested that although 
a male may readily court and success- 
fully mate with several females in a day, 
his ability to maximize fertilization rates 
declines with an increase in spawning 
frequency. 
In  both species, between two and four 
spawnings per day were obtained (Tables 
1 and 2). In  both species, the proportions 
of developing eggs declined rapidly wlth 
an increase of  spawning frequency, irre- 
spective of  male age: in  the case of  0. 
niloticus, from 96% in the first spawning 
to 22% in  the fourth spawning. A similar 
trend was observed for 0. mossambicus. 
Unfortunately, data on only  four  males 
are available, but the trend  in  fertiliza- 
tion rates are consistent for all males stud- 
ied (Tables 1 and 2). 
Fry Loss and Types of Damage 
Associated  wfth Mouthbrooding 
In  both species, the cumulative losses 
of  fry increased linearly up to eight days 
postspawning (Fig. 2). Thereafter, the 
rate of  losses decreased, and  by  day 
10, were nearly zero. By  day  12, be- 
tween 25 and 30% of  the batch  were 
fatally damaged. Numbers of  damaged 
fry were not significantly correlated with 
fry numbers (r2=0.042  and 0.167 with 
df- 15 and 18, respectively, b0.05). Table 1. Effects of repeated rnatings by Oreochromis niloticusmales  on the viability of  naturally spawned 
egg clutches. 
Egg vlablllty (46 of clutch) 
Male  Spawning 
no.  Date of  Number OF  order of  Nonviable  Unfertilized  Developing 
(age)  spawnings  rnatings/day  Females'  eggs (%)b  eggs (46)'  eggs (O/O)" 




2 (8 months)  6/7/84  3  4.894 
4.895 
4,891 
.Tag  no. of indlvldual females ranked in  the sequence of  their spawning. 
"efined  as those eggs In which the germinal disc was not visible. 
cDeflned as eggs remalnlng in  the germinal disc stage. 
"Eggs In blastula-embryonic shield stage. 
'Refers  to a female which spawned twice. 
Table 2.  Effects of  repeated matings by Oreochromis mossambicus males on the viability of naturally 
spawned egg clutches. 
Egg viability (% of  clutch) 
Male  Spawning 
no.  Date of  Number of  order of  Nonviable  Unfertlllzed  Developing 
(age)  spawnings  matings/day  Femalesa  eggs  (%)b  eggs (%)c  eggs 
1 (16 months)  4/27/84  4  4.820 
4.890 
4.44  1 
4.277 
2 (9 months) 
"Tag no. of individual females ranked in the sequence of  their spawning. 
bDeflned as those eggs in  which the germinal disc was not visible. 
"Defined as eggs rernalning in the germinal disc stage. 
dEggs in  blastula-embryonic shleld stage. Days  after spawning 
Fig. 2. Physical damage to Fry  within the buccal cavity 
assoclated  wlth natural  rearing under  hatchery 
conditions: (a) Oreochromis niloticus  and  (b) 0. 
mossambicus.  denotes  average and vertical  bars 
show the range of fry damage during each brooding 
period.  Note the large range For  0. nllotlcus at six 
days was due to the lncluslon of two parents kept in 
100-1 aquaria  in which  high numbers of  Fry  were 
damaged: the remaining broodfish were kept in  1- 
and 3-m tanks. 
fry.  In  addition to this, 11-16% of 
the  fry had eye  damage  and 5% had 
crushed heads. 
These types of  damage were prob- 
ably due  to  physical injuries sustained 
during the  churning of  the  clutch by 
the female. Under normal conditions, 
the churning frequency decreases 
from 95 to 105/min to 25-30/min 
by the third  day of  spawning and 
decreases to 3-8/min  towards the 
later stages  of rearing (Rana 1986). 
When  females  are harassed  by 
dominant  fish  in  a  confined 
environment, increases in churning 
frequency and opercular movement 
may result  in  the fragile fry  being 
damaged by the pharyngeal teeth. 
Differences between the  expected 
egg numbers and the numbers of  fry 
reared have been attributed to  buccal 
volume adjustments (Aronson 1949; 
Lowe-McConnell  1959: Riedel 1965). 
Based on the measurements of buccal 
cavity cast volumes, manual strip- 
ping to  avoid partial spawning and 
maximum swim-up fry volume, this 
study suggests  that even though the 
clutch volumes increase from 90 to 
100% by the swim-up stage, they 
are well below buccal cavity volumes. 
It  is  therefore unlikely that buccal 
volume is  a  limiting  factor  For 
mouthbrooding (Fig. 3). 
Comparison of Naturally and 
A rtificially Reared Siblings 
The weights of  artificial and natural 
siblings are  shown in Fig.  4. The time 
of initlal release of fry varied between 
I 1 and 18 days postspawning. In all 
clutches, artificially reared 0. niloticus 
and 0,  mossambicus fry were signifi- 
cantly longer and heavier (P<0.05)  than 
their naturally reared siblings. Artifi- 
Displacement  of the yolksac ac-  cially reared fry were between 14and  21  1°h 
counted for 81  -87% of the  total damaged  heavier than naturally reared siblings: the Female  standard length (cm) 
Flg.  3.  Comparlson between the buccal volume (BV),  total egg volume (EV) and 
total Fry  volume (FV) of  Females of various slzes:  (a) Oreochromls nllotlcus and (b) 
0.  mossambicus. Curves relate to:  buccal volume:  egg volume; and A fry volume. 
Equations given are based on the natural logarithmic transformation of data. 
Days  after spawning 
Flg. 4. Comparison between the mean body 
(fry less yolk) weights of  artlflclally and natu- 
rally reared 'slbllngs"  From the same clutch: 
(a)  Oreochromls  nllotlcus and  (b)  0. 
mossarnblcus. 0  and  refer to naturally 
and artificially reared "slbllngs."  respectively. later the initial  release, the greater the 
difference. In  both species, the onset of 
feeding commences between five and six 
days  posthatching  (9-  10  days 
postspawning) at 27-28'C  (Rana 1985, 
1986).  In these trials, the first release times 
ranged from 1  1 to 18  days postspawning 
and  consequently  first-Feeding 
opportunities were delayed for varying 
periods of time resulting in  lost growth 
opportunities. Delaying the initial feeding 
of artificially reared fry beyond six days 
significantly decreased (kO.05)  the growth 
of fry, especially if they originated from 
small eggs (Rana 1990). 
The above trials suggest that breed- 
ing behavior under captive conditions 
may affect the quantity and quality of 
tilapia eggs and fry. Fertilization  rates 
and, hence, the proportion of viable Iar- 
vae may be influenced  by  the male 
spawning frequency. In  addition, the 
number of  damaged larvae can be 
creased  iF the brooders are kept 
suboptimal conditions. The quality 
the Fry  in  terms of growth may be 
duced if  the initial and irreversible 
lease of fry is delayed beyond the  I 
set of feeding. 
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Abstract 
Thls study describes the hatchability, growth, sex ratios and reproductive behavior of intergeneric 
hybrids between Tllapla zlllli  (Llnneus) and Sarotherodon  galilaeus (Linneus), and between T.  zillii  and 
Oreochromls andersonll  (Castelnau), 0,  aureus (Steindachner). 0.  macrochir  (Boulenger). 0. rnortirneri 
(Trewavas). 0. mossamblcus (Peters). 0,  nilotlcus (Llnneus). 0.  placidus (Trewavas), 0. spilurus (Giinther) 
and 0. tanganicae (Giinther). Only hybrid crosses using T. zilliias the maternal parent were successful. 
Mean  fertilization rates OF the pure T.  zilliicross and the hybrid crosses were similar and ranged 
From 91 to 98%. Hatching rates varied from 67 to 91%. The growth OF the juveniles varied among 
the hybrids, but the growth patterns were similar to T. rilili,  The sex  ratios of the hybrids also 
showed marked differences and ranged from all males in  the T.  zilliix 0. andersonliand 0,  tanganicae 
to all females in the T.  zilliix 0. niloticus, 0. placidus and 0. aureus. By convention, the female 
parent Is named flrst. The hybrids in all crosses produced mature gonads. The characteristics of 
the eggs In all crosses were closer to the maternal parent. 
Introduction 
In recent years, many approaches have 
been used to resolve the problems of 
relatively low-farmed tilapia yields and 
the low proportion of  marketable fish 
caused by  uncontrolled  breeding in 
poorly managed tilapia production sys- 
tems. To minimize or eliminate this 
unwanted reproduction, the central aim 
of all approaches has been to produce 
Yurrent address:  FA0 of the United Nations, Viale 
delle Terme dl  Caracalla. 00100 Rome. Italy. 
dDr. Wohlfarth,  one of the pioneers of research on 
fish culture and genetic improvement of  flsh In Israel, 
was ltllled In a car accident on 22 August 1994. 
all-male tilapia seed for culture. Tech- 
niques such as hand-sexing,  x-rays, 
chemical sterilization, interspecific hy- 
bridization and hormone therapy have 
been used with varying degrees of  suc- 
cess. Hybridization has also generated 
considerable interest and controversy 
concerning the sex-determining mecha- 
nism of tilapias. 
In  the last  decade, interspecific 
hybridization between mouthbrooding 
species such as Oreochromis niloticus, 
0.  aureus, 0. mossambicus and 0. 
orolepis hornorurn has been widely used 
to produce predominantly male ofF- 
spring for culture (Hulata et  al. 1983). These specles have compatible breeding 
behavior, readily hybridize under culture 
conditions and therefore are easily 
produced and studied. In contrast, there 
appears to be little information on the 
biology of intergeneric tilapia hybrids, 
especially hybrids between the substrate 
spawners and mouthbrooders. Investiga- 
tions on intergeneric hybrids between 
the female 7ilapia tholloniand the males 
0.  niloticus  and  0. mossarnbicus 
suggested that all F, hybrids were female 
and  that  reciprocal  crosses  were 
unsuccessful  (Heinrich 1967; Bauer 
1968).  A study by Fishelson (1  988) on 
intergeneric  hybrids  between 
Sarotherodon  galilaeus and 0.  niloticus 
suggests that even though these hybrids 
were easy  to  produce, their reproductive 
performance was reduced due  to  various 
levels of gonadal deformity. 
In view of  the incompatibility of the 
breeding behavior of substrate spawners 
and mouthbrooders, their progeny may 
not breed naturally. Previous studies have 
indicated  biased sex ratios in  some 
crosses and such hybrids may help to 
elucidate the basis of  sex determina- 
tlon in tilapias. 
In  the present study, intergeneric 
hybridization  between the substrate 
spawning Z  zilliiand 10 mouthbrooding 
tllapias were conducted to determine 
if such crosses are able to produce vi- 
able offspring and to gain information 
on growth, sex ratios and reproductive 
biology of these hybrids. 
Materials and Methods 
Procurement of Tilapla Eggs and 
Sperms 
The substrate spawner T.  zillii served 
as the dam in all the intergeneric hy- 
bridization trials. A different female was 
used for each trial: the numbers of crosses 
and trials for a given species pair are 
given in  the Results Section (Tables 3 
and 4).  Six attempts to  produce hybrids 
from all  the reciprocal crosses were 
unsuccessful. 
Single pairs of T. zillii (100-200 g) 
were introduced in  140-1 glass aquaria 
supplied by a recirculatory system main- 
tained at 28'C  and checked  daily for 
spawning activity. Prespawning females 
were removed  and held  in  a  covered 
10-1 plastic aquarium containing clean 
aerated water at 2B°C. 
Three spermiating S.  galilaeus, 0. 
andersonii, 0. aureus, 0. macrochir, 0. 
mortimeri, 0. rnossarnbicus, 0. niloricus, 
0.  placidus, 0.  spilurus  and 0,  tanganicae 
were transferred  into separate contain- 
ers until required. 
Manual Stripping and Fertilization 
of Gametes 
To avoid cross-contamination of sperm 
during hybridization, disposable pipettes 
and Petri dishes were used for each cross 
and  were  immediately  discarded. 
Approximately  150-300 eggs were 
stripped onto labelled 25x5 cm-perspex 
slides and spread into a monolayer with 
a fine paint brush. Milt was collected 
from three conspecific males, pooled 
in  a  Pasteur pipette, and then spread 
over the eggs  and activated with warm 
water (28°C).  Samples of the diluted milt 
mixture, collected from the slide, were 
then checked under a  microscope to 
ensure the presence of  sufficient mo- 
tile sperm. After 5 minutes, the eggs 
were gently rinsed  with water (28°C) 
and incubated in individual 2-1 containers 
of a recirculatory incubating system con- 
taining UV-treated water (Rana 1986). 
Since the eggs were sequentially 
stripped from the female for each cross, 
the pure T. zillii cross was carried out 
last to  ensure that all the eggs  stripped 
from the female were viable. Fertilization rates in  all  the crosses 
were determined within 24 hours. The 
number of pigmented eggs in a random 
sample of 50-  100  eggs was counted on 
each slide using a dissecting microscope. 
The eggs were kept submerged in a Petri 
dish for this procedure before  being 
returned to the incubator. 
The time to  50% hatching was noted 
for each cross. After completion of hatch- 
ing, each slide was shaken to  dislodge 
the larvae. To estimate the hatching rate, 
the numbers of unhatched and empty 
egg shells adhering to the slide were 
counted. The pre-swim-up larvae (three- 
day-old) were transferred and reared in 
20-1 plastic tanks before being used in 
growth trials. 
Survival, Growth and Sex  Ratios 
of  Intergeneric Hybrlds 
Thirty  fry from each of  the above 
crosses were transferred  to duplicate 
30-1  plastic rearing tanks served by  a 
recirculatory system. They were fed three 
times a day at a daily rate of 10% body 
weight on a trout feed containing 40% 
protein  (No. 4, Edward  Baker  Ltd., 
Bathgate, Scotland). Random samples 
of 10  fry were bulk-weighed every two 
weeks and feeding rations adjusted, after 
accounting for mortalities. The growth 
trials were terminated after eight weeks. 
The validity of  significance was es- 
tablished using ANOVA after arc sine 
transformation of  data. The fish were 
weighed and each cross transferred to 
60-1 tanks for ongrowlng to sexual 
maturity and then Idlled in an overdose 
of benzocaine. The fish (50-  150  g body 
weight) were sexed by examination of 
the genital papillae,  internal identifi- 
cation of the gonads and, in uncertain 
cases, by gonadal squash preparation. 
Fish  were weighed and gonads were 
removed, then weighed and representa- 
tive samples fixed For  histology. 
Breeding of  Hybrids 
For each hybrid cross, hybrid females 
were introduced, with either male L  zillii 
or a male of the Oreochromis species 
used as the hybrid  parent, into 120-1 
aquaria for observation  of  spawning 
activity. 
Results and  Dlscusslon 
FertIIIzation, Hatching Rates and 
Morphologicai Differences 
Mean fertilization  rates of  the pure 
T. zilliiand the intergeneric hybrids were 
similar (Pc0.05)  and ranged from 91 to 
98%.  The hatching rates, however, were 
variable and ranged from 67% in the T. 
zi//ii x 0.  mossambicus cross to 91  % 
in the pure Z  ziilii (Table 1 ). Hatching 
tlmes of  the hybrids were similar and 
eggs From all the crosses hatched within 
48 hours of fertilization. The length of 
the hybrids and Z  zilliilarvae at hatching 
were not significantly (Px0.05) differ- 
ent  and ranged from 4.8 to 5.0 mm. 
Z  zilliiand all the hybrid larvae pos- 
sessed two pairs of  head glands, but 
the amount of mucus produced by the 
hybrids was reduced  resulting in  the 
hybrids being free of  the substrate a day 
earlier. The intenslty of  melanophore 
pigmentation on the yolksac epithelium 
also varied between the hybrids, but T. 
zillll controls showed the greatest in- 
tensity. The hybrids and T. zillii fry be- 
gan  feeding  four  to  Five  days 
posthatching (at 28%). 
Early Fry  Survival and Growth 
The survival and growth of  the vari- 
ous hybrids are given in  Table 2. The 
mortality patterns between the repli- 
cates were similar, suggesting a genetic 
basis. Survival of  Fry  between hybrids Table  1. Means (and SE) for the fertilization and hatching rates 
of intergeneric hybrids between mapia zilliifemales  and males 
of various Sarotherodon and Oreochromis species. 
Male parent 
7: zil1iF  (control) 
S. galjlaeus' 
0. andersonit8 
0.  aureud 
0.  macrochir" 
0.  mortimerP 
0.  mossambicusd 
0.  nllo  tIcu9 
0.  placldus" 
0.  sp/lurusd 
0.  tanganlcae' 
Fertillratlon  Hatching rate 
rate (%)  (Oh) 
96.8 (1.4)  91.0 (3.29) 
98.7 (0.86)  87.7  (2.82) 
91.1 (4.54)  89.0 (5.02) 
95.0 (2.9)  88.0 (2.65) 
93.3 (3.75)  78.3 (8.43) 
96.0 (1.84)  84.5 (8.48) 
93.8 (2.85)  67.1 (3.10) 
93.5 (2.05)  78.6  (2.45) 
95.0 (1.70)  85.0 (4.03) 
95.0 (1.7)  83.5 (4.25) 
92.  I  (-)  87.4  (-) 
. -- 
a: N=l: b:  N=Z: c:  N=3: and d:  N-4 (no. of attempts). 
Table  2.  Means (and SE)  for  the growth characteristics of intergeneric hybrid tilapla 
juveniles: all with Tilapia zilliias the female parent and various Sarotherodon and Oreochromls 
specles as  the male parents. 
Male parent 
.- 
Initial  Final weight1  SGR  (SE)i.2  Sur~ival'.~ 
welghtl (g)  (g)  (%,day-')  (%) 
T. zlll//  (control) 
S. galila eus 
0.  andersonll 
0.  aureus 
0.  macrochir 
0.  rnortimerl 
0.  mossarnbicus 
0.  nil0 ticus 
0.  placidus 
0.  spllurus 
0.  tanganlcae 
'Means based on duplicate treatment. 
=Means  within columns having the same letters are not significantly (Pc0.05) different. at  the end of the trial varied significantly 
(Pc0.05). Hybrids with 0.  mossamb/cus 
and 0.  ni/oticus, and 0.  andersonil and 
0.  aureus had the lowest and highest 
survival rates, respectively. Despite these 
differences, the growth rates of  the 
hybrids at  the end of the trial were not 
significantly (r=-0.145, df=2  1,  P<0.05) 
correlated with the survival rates. 
Mean initial weight of  the different 
hybrid groups  varied between 0.04  and 
0.17 g and were significantly correlated 
with the final weight (r=0.7  12,  dF=2 1, 
P<0.05) and weight gain (r=0.699, df=2  1, 
P<0.05). This association  presents a 
problem since these growth estimators 
may result in  growth being biased  by 
variation in initial weights. In an attempt 
to reduce this bias, weight data were 
transformed and growth of the hybrids 
was compared as specific growth rate 
(Table 2). Hybrids of 0. tanganicae. 0. 
andersonii and 0.  niloticus showed the 
highest growth rates. The high appar- 
ent growth rates of 0.  ni/oticus hybrids, 
however, may have been influenced by 
their low survival rate. 
Reproductive Beha vlor, Gonadal 
Development and Sex Ratios 
All the hybrid females lacked the typi- 
cal breeding behavior of either of their 
parental species and no spawning oc- 
curred in the breeding tanks. One "ac- 
cidental" spawning did occur with a 7. 
zi//ii x  0. mossamb/cus female. This 
female was held on her own in a plas- 
tic tank and therefore no information 
on the viability of the eggs was obtained. 
The eggs were laid on the tank bottom. 
They were partially adhesive and simi- 
lar to those of a substrate spawner. In 
addition, the female guarded and pe- 
riodically fanned the eggs. 
From the observations performed to 
determine the sex of  the hybrids, not 
all fish could be classed as male or fe- 
male. In  some crosses, between 1 and 
6% of  the fish were sterile (Table 3). 
These fish lacked any gonadal tissue and 
contained instead a clear, viscous fluid. 
Depending on their paternal species, 
the sex ratios of  hybrids fa11  into three 
main groups: predominantly male, pre- 
Table  3. Sex  ratios  of  intergeneric tilapia  hybrids having  Tilapla zillii as  the  Female  parent and 
varlous Sarotherodon and Oreochromis species as the male parents. 
Trial  1  Trial 2  Trial 3 
Male parent  M  F  S  M  F  S  M  F  S 
T. zl//il (control) 
0.  nllotlcus 
0. placidus 
0.  rnortlmerl 
0.  aureus 
0.  mossambicus 
0.  spllurus 
5.  galheus 
0.  rnacrochir 
0.  tanganicae 
0.  andersonii 
M:  male; F:  female; and S:  sterile fish (see text). dominantly Female and an approximately 
equal number of both sexes (Table 3). It 
is difficult to see any obvious pattern re- 
lated to  the presumed sex-determination 
system From  other studies (McAndrew 
1993) as 0.  macrochir and 0. aureus 
(homogametic males) occur in  different 
groups. There is no firm evidence that the 
observed sex ratios are based on any 
phylogenetic relatedness, as suggested 
by  Sodsuk and McAndrew (1991  )  who 
Found 0. andersoniito always be closely 
grouped with  0. rnossambicus and 0. 
mortimeri. In  this study, 0. andersonii 
appears to  be clearly separated from the 
two other species. 
The gonads of hybrids, where recog- 
nizable, were of particular interest. In 
all  cases, the gonadosomatic indexes 
of both sexes were significantly (P<0.05) 
lower than those of pure T. zillji prog- 
eny, and ranged  between 0.005 and 
0.36% For  the males and 0.32 and 1.74% 
For  the Females (Table 4).  The majority 
of  the hybrid female ovaries contained 
relatively few oocytes  compared to  those 
of pure T.  zillii. The majority of the gonads 
examined contained previtellogenic 
oocytes up to  stage 3, and few gonads 
contained mature oocytes at stages 5 
and 6. Even  though the testes of the 
hybrids with  0. andersonii and 0. 
tanganicae were significantly smaller than 
those OF  pure  T. zillli, they contained 
gametes at all stages of development. 
In  some  fish, mature spermatozoa were 
present in  the tubules of the testes. 
It is difficult to  derive any hypothesis 
from this study on sex determination 
in tilapia. Hybrid sex ratios are a noto- 
riously  difficult  analytical character 
(Majumdar and McAndrew 1983). As 
a result of the difficult statistical prob- 
lems in identifying and separating ex- 
pected sex ratios and our limited knowl- 
edge on the genetic mechanisms in- 
volved  in  sex determinations in  pure 
species, the consequences for hybridi- 
zation are impossible to predict. The 
observed sex ratios, the reduced repro- 
ductive performance and the phytopha- 
gous Feeding  habit  OF the substrate 
Table 4. Means (and standard deviations) for the gonadosomatic indexes (GSI) 
of  intergeneric tilapia  hybrids From  Tilapia zillii female  parents and varlous 
Sarotherodon and Oreochromis species as male parents. 
Male parent 
Mean body  GSI* 
No.  Sex  weight (g)  (yo) 
T. zlllll (control) 
5.  gallla eus 
0.  andersonii 
0.  aureus 
0.  macrochir 
0.  mortimeri 
0.  mossambicus 
0.  nlloticus 
0.  placidus 
0.  spilurus 
0.  tanganlcae 
'Means wlth different letters (for males) and numbers (for females). respectively, 
are significantly (P<O.OS) different. spawner parent may, in themselves. be 
of some advantage in  possible future 
uses of  these hybrids. 
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Abstract 
An electrophoretlc study of  enzyme polymorphism was conducted on five species of tilapia of the genus 
Oreochromis: 0.  n//ot/cus, 0.  aureus, 0.  rnossambicus. 0.  uro/ep/s  hornorurn and 0.  macrocbir. For  0. 
ni/ot/cus.  five farmed populations were analyzed. as well as two  natural populations from the Volta and the 
Niger rivers. Eighteen enzyme systems. coded by 30 loci were studied. Heterozygosity and genetic distances 
between the different samples were calculated. The study of the genetic diversity of 0. niloticus shows the 
resemblances and dissimllarlties that exist among these populations, as well as the maintenance of  variability 
In farmed stocks. Analysis of  the results obtained for one of  the populations of 0. aureusand 0. rnossambicus 
suggests a case of genetic introgresslon due to the continued use of these populations in interspecific 
hybridization.  An analysis was conducted to estimate phylogenetic  relationships between the different 
populations. 
lntroductlon 
The production  of  tilapia has made great 
strides in  subtropical and tropical countries. 
Some 20  species,  often originating from 
introductions (Welcomme 1988:  Lazard 
1990),  are used for aquaculture with 
Oreochrornis niloticus as  main species. It 
seems that most of these stocks have not 
"Current address: lnstitut national agronomique Paris- 
Grignon (INA-PC). Department des sciences animales, 
GER  amelioration gtnCtique, 16, rue Claude Bernard 
7523  1 Paris Cedex 05,  France. 
been produced and managed in  a rational 
way for aquaculture (Wolfarth and Hulata 
1983; Thys  van den Audenaerde 1988).  They 
have often been developed from broodstock 
taken from a limited number of  sites, some- 
times even a single site, and in small numbers. 
Moreover, some farmed populations have 
had a quite complicated history, with suc- 
cessive transfers multiplying the risks ofge- 
netic bottlenecks. Thus, the genetic poten- 
tialities of these species are perhaps not 
totally exploited and some genetic dete- 
rioration may have occurred over generations. Finally, cases of  genetic introgression have 
been described (Taniguchi et al.  1985; 
Macaranas  et al. 1986)  in  aquaculture  strains, 
whether due to interspecific hybridization 
programs or to the introduction of exotic 
individuals into Farming areas. This situa- 
tion has led to an increased interest over 
the last few years in  describing the genetic 
diversity of the principal species of tilapia 
used for aquaculture to  identify the different 
populations with aquaculture potential and 
to  improve the management of culture st&. 
In Cbte d'lvoire, farmed populations of 
Oreochrodsare all of  exotic origin, although 
0. niloticus exists in  a few rivers belonging 
to  the Niger and Volta river basins. The first 
introductlons were made by the Tropical 
Forestry Technical Center (CTR) in 1957 
(Lazard 1990) at the Bouake station (currently 
IDESSAb),  and have continued, particularly 
in the search for species adequate for la- 
goon aquaculture, up  until the 1980s. The 
preliminary results of the study on gene- 
tic diversity in these lvorian populations, 
using the electrophoretic characterization 
of enzyme polymorphism, are presented 
here. 
Materials and  Methods 
Randomly selected individuals were 
harvested from 1  1 farmed populations be- 
longing to five species of Oreochromis, as 
well as from two natural populations of 0. 
niloticus (Table 1  ) . 
Samples of muscle, liver and eye tissue 
were taken from each individual and deep- 
frozen to  -20°C. Samples were homogenized 
in distilled water  (muscle  1 g.ml-I, liver 
1 g.  1.5 ml-' and eye 1 g-0.5  ml-I)  and cen- 
trifuged to 5,000  rmin-' for 30 minutes. 
For the eye tissue, chloroform was added 
to  eliminate  the glywproteins and glycolipids 
that can cause distortions during enzyme 
separation. 
'lnstitut  des Savanes 
Electrophoretic analyses were done on 
12% starch gels. The separation and stain- 
ing  techniques used were those described 
by Krieg (1984) and  McAndrew and 
Majumdar  ( 1983). Eighteen enzyme sys- 
tems coded 30 loci were analyzed (Table 
2). The designation and numbering of the 
different loci are as  proposed by Shaklee 
et ai. ( 1990). The numbering of  the differ- 
ent loci in a given enzyme system is based 
on  their mobility, that closest to the cathode 
receiving number one. For each locus, the 
most frequent allele in the Bouake strain 
of 0. ni/oticus (the point of reference) re- 
ceived the index 100, the other alleles be- 
ing  designated according to their relative 
mobility. Alleles migrating to the cathode 
are numbered according to  the same prin- 
ciple, their index being preceded by a nega- 
tive sign. 
Allelic frequencies were estimated from 
the breakdown of the alleles. For polymorphic 
loci, the agreement to Hardy Weinberg's 
equilibrium was verified by the exact test 
(BIOSYS-  1  / 1.7) of Swofford and Selander 
( 1989). Polymorphism was calculated tak- 
ing into account that a locus is polymor- 
phic when the Frequency ofthe most common 
allele is lower than 0.95 (P95) or 0.99 (P99). 
Genetic distances and heterozygosity were 
calculated following Nei ( 1975). Based on 
the genetic distance matrix, a dendogram 
was created with the Kitsch program  of  Phylip 
(Phylip Package), using the methods of  Fitch 
and Margoliash (1  967) and the least squares 
method, with constant evolution rates. Finally, 
a hierarchical breakdown of genetic diver- 
sity following Nei (1  973) and Chakraborty 
(1980) was conducted on populations of 
0. niloticus. 
Results 
Allelic frequencies at the polymorphic 
loci, polymorphism and heterozygosity are 
presented in Table 3. Of 30 loci studied, 
17 proved polymorphic among or between Table  1.  Llst of populations of Oreochromis  spp, studied. The symbols used to represent populatlons in the 
follow in^ figure and tables are indicated in parentheses. 
Origin  Sarnpllng area  Number 
of samples 
0. niloticus (BK) 
0. niloticus (KO) 
0.  niloticus (BU) 
0.  nllotlcus (DA) 
0,  nlloticus (OD) 
0,  nllotlcus (KU) 
0.  nllotlcus (NI) 
0.  aureus (Al) 
0.  aureus (AM) 
0.  aureus (AE) 
0.  mossamblcus (MO) 
0. urolepis hornorum (HO) 
0.  macrochir (MA) 




"Bouake"  strain 
Volta river 
Niger river 
Israel (vla Belgium) 
idem (via Bouake) 




populations. Diagnostic loci were shown, 
mainly in 0.  macrochiras compared to  the 
other species. The Hardy Weinberg pro- 
portions were  tested in all populations. Three 
tests out of 67 are significant  at the 5% 
level. The Hardy-Weinberg equilibrium is 
generally respected and the populations 
can be considered panmictic. 
For  each population, rates of  P95 and 
P99 polymorphism are close enough, ex: 
cept in the case of the "Israel-Bouake" strain 
of 0. aureus  where all polymorphic loci have 
a majority allele ofa  frequency higher than 
0.95 (except for IDHP-1 *). 
Heterozygosity varies between 0 (0. 
aureus "Israel-Mopoyern" strain) and 8.4% 
(0.  nllot/cus "Buyo" strain). Heterozygosity 
in farmed populations of 0.  ni/oticus is higher 
than in natural populations. 
The genetic distance matrix is  given in 
Table 4 and the resulting dendogram is 
presented in Fig.  1. Four groups are dis- 
tinguished:  (1) strains of 0. niloticus, (2) 
0. mossambicus  and 0. urolepis hornorum, 
(3) 0. aureus  and (4) 0.  macrochir. 
Dlscusslon 
Comparison of  the results  From  all 
populations of the five Oreochromis  species 
show  four diFFerent groups: ( I ) 0. macrochir, 
(2)  populations of 0. aureus, (3)  populations 
Bouake station  ' 
Lake Kossou 
Lake Buyo 
Daloa fish farm 
Oditnt fish farm 
Kou valley 







Fig. 1. Genetic structure of  populatlons of Oreochro- 
mls spp. 
of 0.  niloticus  and (4) 0.  mossambicus  and 
0. urolepis hornorum. Genetic distances 
between species are small, but they are 
compatible with  those calculated  by 
McAndrew and Majumdar ( 1984)  with the 
exception of 0.  rnossambicusplus 0. orolepis 
hornorum. The diagnostic loci, identified 
by Brummett et  al. (1  988)  among American 
populations of  these two species, share 
common  alleles  in  the  two  Bouake 
populations (in the two studies. 0. uro/epis 
hornorum had the same  origin). Apart from Table 2.  Llst of enzyme systems studied wlth thelr locatlon in the tissues, their genetic structures and the 
rnlgratlon buffers used. Tissues:  L = liver, M = musde and E - eye. 





































MC2 (Morpholin cltrate) 
citric acid 0.08 M. adjusted to pH  6.2 
with morpholin 
300 V - 110 mA - 3 hours and 30 
minutes 
gel: dilute buffer to 5% 
MC4 (Morpholin  cltrate buffer) 
citric acid 0.08 M. adjusted to pH 6.6 
with morpholin 
200 V - 1  10 mA - 3 hours and 30 
minutes 
gel: dilute to 10% 
RW (Ridgway buffer) 
electrode buffer: LiOH 0.06 M, 
H3B03 0.3 M, 
gel buffer: tris 0.03 M,  cetric acid 
0.005 M 
350 V - 80 mA - 2 hours and 15 
minutes 
gel: gel buffer + 1  % electrode buhr 
TEB  (Tris-EDTA-Borate) 
tris 0.5 M EDTA 0.016 M. H3B03 
0,24 M 
200 V - 100 rnA - 3 hours 
gel: dilute to 10% 
the  action of  genetic  drift among  American 
populations, in which polymorphism is zero 
or  greatly reduced, such a difference could 
be due to  the introduction of exotic alleles 
as  a result of introgression between them 
or with  the other species present at the 
Bouake station. 
Heterozygosity  in  the lvorian  farmed 
populations of  0.  n/lot/cus Is  higher than 
in the  natural populations of the Nlger and 
Volta rivers and in the natural population 
of  Lake Manzalla (Nile basin) studied by 
McAndrew and Majumdar (1983).  Such a 
level of variation among  these populations 
that originated from the Bouake strain can 
be explained by the double origin of  the 
strain, which resulted from a 197 1-72 mlxlng 
of  the  station's Volta and Nile populations. 
In this hypothesis, the polymorphism ob- 
selved in certain fixed loci of the  Volta popu- 
lation (which originates from the same  place 
as  the founder population of  the "Bouake" 
strain) could  be due to  the genetic 
contribution of the Nile individuals. 
The Daloa, OdienC, Kossou and Buyo 
populations originated From the "Bouake" Table 3. Allelic frequencies at polymorphic loci, mean heterozygoslty (H) and polymorphism (P  at 95 and 
99%) for the different populations of Oreochromis spp. (see Table  1 for  letter codes). 
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SOD* Table 4. Matrlx of standard genetlc distances (Nel 1973) estimated among the different populations studled. 
BK  KO  BU  DA  OD  KU  NI  Al  AM  AE  MO  HO 
strain. Some  differentiation is observed com- 
pared to this strain and between the 
populations, particularly in the number of 
polymorphic loci. Two hypotheses, not mu- 
tually exclusive, can address this. On the 
one hand, the separation of these stocks 
took place at  different times and therefore 
at  various stages of mixing of the two ge- 
netic pools originating from the "Bouake" 
strain. It will be noted that, although ge- 
netic distances are all very small, the Farmed 
population most similar to  that of the  Volta 
river comes from Lake Koussou, which was 
stocked close to the time when genetic 
mixing began. This may explain the weaker 
influence of  the original Nile  population 
whose presence at the station is  limited 
ts  few individuals. On the other hand, such 
differences can be accounted for simply by 
the ekt  of  genetic drift acting independently 
on  these groups that  originate from the  same 
genetic pool. 
Other studies on farmed stocks of  0. 
niloticus show great variations, with 
heterozygosity ranging from 0  to 1 1.5% 
(Baslao and Taniguchi  1984: Taniguchi et 
al. 1985;  Macaranas et al. 1986;  Brummett 
et  al. 1988).  The highest rates are obtained 
in Philippine populations for which genetic 
introgresslon by 0.  mossambicus has oc- 
curred. In  the populations of  Bouake and 
Kossou,  a locus (MDH-3* and EST-2*, re- 
spectively) possesses an allele (*  1 19  and 
* 105, respectively) that is present at  a very 
low frequency (f=O.O17)  and that is not Found 
in any other population of 0. ni/oticus. This 
presence could be the sign of an introgresslon 
that occurred before the separation of the 
two  populations.  In  any  case,  this 
introgression is  probably very weak. 
The study of genetic distances and the 
distribution of genetic diversity in 0. niloticus 
(Table 5)  shows  that most genetic  dlversity 
is of  intrastock origin (90%  of the total gene 
diversity).  This  confirms  the relative 
homogeneity among lvorian farmed stocks 
and between them and the two natural po- 
pulations. The difkrentiation between the 
two natural populations could be the sign 
of a certain homogeneity in  stock arising 
from periods of contact between these two 
basins. 
0.  macrochirshows a relatively low mean 
heterozygosity (3.S0h),  but that is close to Table  5. Hierachlcal breakdown of total genetlc 
dlverslty (H, - H + D)  in Oreochromls nllotlcus: 
90%  of the genetlc  diversity is of lntrastock origin. 
Total gene diversity (H,)  6.56% 
lntrastock gene diversity (H)  5.90% 
Interstock gene  diversity (D)  0.66% 
the rate found by McAndrew and Majurndar 
(1983, H=3.1%) in another farmed popu- 
lation. This species has been present at the 
station since 1958, and comes, via Camemon. 
from a stock created in 1945  in Zaire (Thys 
van den  Audenaerde 1988)  from 10 pairs. 
This history suggests a significant risk of 
bottleneck. 
The intrastock variability found in the two 
stocks of 0.  aureus "Israel" is zero in the 
Mopoyem stock, and very low in the Bouake 
stock where the most common alleles at 
the  polymorphic loci show  frequencies higher 
than 0.95 (except for IDHP-I*). This may 
be due to bottlenecks that have occurred 
during  the  successive  transfers 
(Israel3  Belgium*  CBte d'lvoire/Bouake* 
Mopoyem). In  this case, the Bouake popu- 
lation could show a residual state of the 
initial polymorphism of  the Israeli strain, a 
polymorphism that would have been lost 
during the constitution and maintenance 
of the Mopoyern stock. It is also posslble 
that the Mopoyem stock represents the initial 
state of the Israeli strain upon its arrival in 
Cdte d'lvoire.  In  this case, variations ob- 
served in  the Bouake stock could be due 
to an introgression-particularly  by  0. 
mossambicus, with which many interspecific 
hybridizations have been performed  and 
which shows specific alleles of  0.  aureus 
at frequencies similar to  those of the poly- 
morphic loci of 0.  aureus "Bouake". These 
two hypotheses are not exclusive, and to 
better assess the respective influence of these 
two phenomena, it will be necessary: 
- to study the genetic diversity of  the 
wlld populations of 0. aureus, particularly 
to  describe the different allelic forms present 
in this species; and 
- to develop other techniques to reveal 
an introgression, such as  mitochondria1 DNA 
analysis. 
Based on these preliminary results, and 
compared to other studies, it  seems that 
farmed populations of 0.  nilot/cus in Cbte 
d'lvoire have been constituted, then main- 
tained as  aquaculture stocks without loss 
of variability or evident introgression by 
the other species. 
For  populations of  0.  aureus used in 
experiments on lagoon aquaculture, the 
existence of  a weak introgression is possi- 
ble.  Since  this  can  have  significant 
consequences  on culture performance (kr- 
tility, growth and survival), the actual state 
of the populations will have to  be monitored 
and, if  necessary, a new strain should be 
constituted. 
Finally, it  will  be noted that there is  a 
great similarity between the natural 0. 
niloticus populations of  the  Volta and Niger 
river basins.. 
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Abstract 
This study compared the social hlerarchy of three groups of five males of two tilapla species: 
Oreochromls  n/loticus and Oreochromls mossambicus. Measurements  of circulating steroid (testosterone, 
11-KT and 17.20P)  showed high testosterone levels in dominant males OF 0. niloticus, whereas no 
slgniflcant dlfference was observed in the levels of testosterone between domlnant and dominated 
males of 0. rnossambicus. In 0.  niloticus, highly aggressive and territorial behaviors are correlated 
whereas 0. mossambicus has low endocrine levels and does not have a highly hierarchical social 
behavior.  In 0. niloticus, the color of the dornlnafit male Is testosterone-dependent and has an 
appeasing function:  pre-spawning females adopt this color after a sharp Increase In testosterone 
and are thus able to enter the nest guarded by the male. 
The use of dlfferent steroid implants confirms the role of testosterone in the aggresslve behavior 
of the tilapla,  allowing some fish to rise in the social hierarchy. The  effects of  11-KT are more 
obvious for nest-digging activities than for chasing behavior. 
Previous studies have shown a cor- 
relation between gonadal cycles, cir- 
culating steroid  levels  and  sexual 
behavior  in  many fish, especially in 
salmonids (Liley and Stacey 1983). 
In cichlids, Aronson (1  945, 195  1 ) de- 
scribed the role of external stimuli (visual 
stimuli, sound emission, contact between 
the lateral lines and chemical commu- 
nication) produced by other mates on 
spawning frequency.  In  Oreochromis 
mossamb/cus, Silverman ( 1978a, 1978b) 
suggested an effect comparable to 
pheromones as shown by  Solomon 
(1977)  in other species. In 0. mossam- 
bjcus, males as  well as  females can in- 
crease spawning frequency. 
This study compares the social beha- 
vior and the endocrine levels of  two 
species of tilapia: Oreochromis nlloticus 
and 0.  mossambicus. 
Materials and Methods 
Fish 
The fish used in the experiments were 
0.  niloticus From a laboratory strain ori- 
ginally  coming from  Bouake  (Cbte 
d'lvoire). All animals came from the same 
culture batch and were one year old. 
They measured  14.5+ 1.29 cm and 
weighed  96.3?3.5 g  (mean  body 
weight). Experiments were performed 
every year between April and Septem- 
ber from 1989  to 1992. For 0. mossamblcus, the animals came 
from a strain developed in Louvain-la- 
Neuve (Belgium) by Ursula Falter. In this 
experiment,  10  females  of  0. 
mossamb/cus and eight females of 0. 
niloticus were used as  well as 15 males 
of each species. 
tions between animals are represented 
by arrows oriented in  the direction of 
the action. The thicker the line, the higher 
the number of  aggressive actions be- 
tween fish. The number of  fish is  indi- 
cated in circles. 
Soclal and Sexual Behavlor 
Culture Condltlons 
Outside  experimental periods, males 
and females were separated and placed 
in tanks containing 0.5 m3  recirculated 
water kept at 27°C. These tanks con- 
tained only tilapias. During experimental 
periods, the animals were placed in 300- 
I glass tanks containing adsorbing sand 
at the bottom and were transferred 
during tests to  an 800-1 tank also con- 
taining adsorbing sand at the bottom. 
Experimental Protocols 
and Ethograms 
Males were divided into groups  of five 
animals. An ethogram was used to es- 
tablish the social hierarchy for each of 
these groups and to visualize the so- 
cial relationships within the group. For 
easy identification, the animals were 
tagged by  fixing a  nylon string with 
diFFerent colored beads forming a de- 
termined pattern on the posterior part 
of the head. The fish were anesthetized 
and a blood test was done before and 
after a series of  behavioral tests con- 
ducted over a five-day period to  evaluate 
their social hierarchy. These tests were 
triplicated for each groups. 
On the ethogram where the five fish 
are represented in a circle (see Fig.  1 ), 
the dominant male, i.e., that which di- 
rects the greatest number of activities 
towards its conspecifics, is  placed  at 
the top. The dominated animal, i.e., that 
which sustains the greatest number of 
aggressive actions without reciproca- 
tion, is  placed at the bottom. Interac- 
The different elements of the social 
and sexual behavior were recorded 
during a series of 10-minute tests every 
hour, eight times a day. This behavlor 
was characterized by pursuits, mouth- 
to-mouth contacts, mouth-to-flank con- 
tacts, parallel swimming, erection of  the 
dorsal fin and nest-digging with removal 
of sand. 
Each group studied was composed of 
five males of  similar size and body 
weight. 
Blood Tests 
The animals were anesthetized indi- 
vidually with a solution of phenoxye- 
thanol at 2 rnl.1-' of water poured in a 
10-1  water tank.  Blood  was taken 
(1  -1.5 ml) between 0900 and  1 100 
hours using a 2-rnl heparinized syringe, 
and preserved in an ice box before cen- 
trifugation of all samples in a refriger- 
ated centrifuge (4°C)  for 10  minutes at 
2,500 revolutions per minute. 
Hormone Assay 
Hormone concentrations were deter- 
mined by  radio-immunology. Testos- 
terone and  1  1  -KT  were measured us- 
ing the method developed by  Fostier 
et al. (19&2),  giving a  coefficient of 
variation of 8.12% (18.4  ng,ml-',  n=  15) 
For testosterone and 6.37% (1  7.5 ng.ml-', 
n= 15)  for 1  1  -KT. The method described 
by  Fostier et al. (1  981) was used to 
measure 17.2P with a  coefficient of 
variation  of  S.74°h  (9.25  ng, n= 15). I  I 
Flg.  1. Ethograrns For  three groups of Five males of Oreochromis niloticus. The numbers In clrcles 
indicate individual Fish.  Numbers along arrows  lndlcate the numbers of aggresslve actlons (see 
text). 
Statlstlcal Analysls 
Paired comparison was done after an 
analysis of  variance and Barlett's test. 
Data were compared using 
Unless otherwise indicated, 
of significance was P=0.05. 
a  t-test. 
the level 
Results 
Ethograms of  the Male  Groups 
The study of the three groups of five 
males clearly showed the presence of 
a dominant male in two  groups, whereas 
social relationships in the third group 
were much more homogeneous  although 
a dominant male could be recognized. 
Interactions  between  the fish also 
showed a second dominant animal. This 
was confirmed by the withdrawal of the 
dominant animal. Fig.  1  shows three 
diagrams summarizing all activities di- 
rected to  the other fish within the groups: 
pursuits, mouth-to-flank and mouth-to- 
mouth contacts, and erection of the dor- 
sal fin when approaching another fish. 
Hormone Levels and Social 
Hierarchy In  0.  nllotlcus and 0. 
mossamblcus 
The comparison of social hierarchies 
observed during pursuits showed clear 
differences between the two species of 
Oreochromis. 
In  0. niloticus, the social hierarchy 
is clearly established with a strictly domi- 
nant fish, with the greatest number of 
activities. Only the dominant male has 
access to  the substrate and digs the nest. 
Its body color pattern is  pearl  white, 
with tinges of  salmon pink, and the 
extremity of the fins is black. The other 
fish, males and females, are  consigned 
to the upper corner of the aquarium. 
They are stressed and their color pat- 
tern ranges from greenish dark gray to 
black. 
In  contrast, 0. mossambicus shows 
little signs of  pursuit and there is  no 
apparent social hierarchy in  this spe- 
cies. Interactions between individuals 
are few and similar in all animals. 
The comparison of hormone levels for 
the three steroids in these two species 
(Fig.  2) showed a very high level  of 
testosterone in 0. n/loticus (52 ng.ml-I) 
in  comparison with 0.  mossambicus 
(8 ng-ml-I).  Levels of  1 1 -KT and 17.ZOP 
were also higher in  0. niloticus than 
in 0. mossambicus. 
Moreover, in  0.  niloticus,  plasma 
levels of testosterone were  very different, 
depending on whether the animals are 
dominant or dominated, whereas in 0. 
rnossambicus, no  significant difference 
was observed. The same  differences were 
observed, although somewhat reduced, Fig. 2. Sterold hormone levels and social hierarchy in  Oreochromis nlloticus and 0.  mossamblcus. 
On  the ethograms, O  = dominant. N and M refer to the species used, and D  = dominated (see  text 
for discussion of comparisons and significance of difkrences). 
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In  a collaborative study with U. Fal- 
ter and Olivier Dufayt from the  University 
of Louvain-la-Neuve (Belgium),  we  have 
for the  first time established a correlation 
between sound emissions in  males of 
these two species and other behavior 
patterns. 
The male defending its territory chases 
the other fish (other males or females 
that are not ready to  spawn)  and emits 
a  brief sound for less than half a sec- 
I  2  3  2  3 
ond.  The frequency of this sound emis- 
sion is high: 400-700 Hz in 0.  ni/oticos 
and  approximately  250 Hz  in  0. 
mossamblcus. 
These emissions which are characte- 
ristics in dominant males are, like in the 
defense of the territory, dependent on 
plasma testosterone. Only the dominant 
males can emit these sounds. 
Hormone Levels and Acceptance 
of  the Female by Terrltorial Males 
In 0.  n/lot/cus,  the color taken by the 
pre-spawning females (which is iden- 
tical to that of  the dominant male) is 
related to  the high level of aggres,sive behavior in this species. This color pattern 
inhibits the aggressive behavior of the 
male that accepts the female of the same 
color. We have observed that some  males 
with  strong color patterns are some- 
times accepted in the nest of the terri- 
torial male. The analysis of the female 
hormone levels (Fig. 3)  showed that the 
change in color is  correlated to  an im- 
portant testosterone level, particularly 
when the female is ready to spawn. 
In 0. mossambicus, although the same 
high  testosterone level  has been ob- 
served in  the pre-spawning  females, 
changes in the color pattern cannot be 
perceived by the human eye. The other 
steroids, circulating at relatively  low 
levels, involve very few changes regard- 
less of the species. 
Effect of  Steroid /mp/ants on the 
Social Behavior of  0.  nllotlcus 
In  order to complete our study and 
to  confirm the action of steroids on the 
social behavior of fish, we  used implants 
with various quantities of several ster- 
oids in the fish and studied their effect 
by observing the corresponding etho- 
gram. Three animals out of a group of 
five received steroid implants while the 
two others were used as control. 
First, we studied the dynamics of re- 
lease  OF pure testosterone from the irn- 
plants at 0.5 mg.100 rng-' implant 
50 ml-' saline solution. Between 6 and 
36 hours, the quantity of hormone re- 
leased was relatively stable for  1.75k 
0.25 ng.ml-I. The animals receiving 
testosterone implants showed increased 
aggressiveness, thereby rising  in  the 
social hierarchy (Fig. 4),  the number of 
pursuits increasing Four hours after the 
implantation of steroids. The nest-dig- 
sing  behavior did not vary significantly 
in the three days following the implan- 
tation (Fig. 5). 
The controls' aggressive behavior 
decreased significantly in terms of  pur- 
suits and nest-digging activities. This 
reduced  activity can be explained by 
increased activity and aggressiveness 
of the animals with implants living with 
them (Fig. 6). 
There was also a significant increase 
in nest-digging activities in the  animals 
with implants of  1 1  -KT after implanta- 
tion (Fig.  7).  In  contrast, the implanta- 
tion of  17.20P  did not cause any sig- 
nificant change in behavior aside from 
a general reduced level of  activity (Fig. 
8). 
These results show  the significant role 
of  testosterone in the territorial behavior 
of  males and in  the species'  level of 
aggressiveness. The sounds emitted by 
dominant males during pursuits against 
conspecifics, or to  accompany and guide 
the female ready to  spawn to  the nest, 
are testosterone-dependent. This hor- 
mone is also responsible For  the  change 
in  color pattern in the dominant male. 
This phenomenon is  also observed in 
pre-spawning females which can thus 
enter  the nest. The adoption of this male- 
specific color by the female has an in- 
hibitory effect on the aggressive behavlor 
of the territorial male. 
In  0. mossambicus, the aggressive 
behavior is practically nonexistent and 
endocrine levels are also much lower. 
The female does not need to take on 
the male-specific color pattern to be ac- 
cepted by the male. 
Ketotestosterone has a more obvious 
effect on nest-digging actlvlty. Hence. 
the  various hormones have each a spe- 
cific action on social and reproductive 
behaviors. However, the steroid 17.20P 
does not seem to have any direct ac- 
tion on male behavior when implanted. Srerold  levnl  In  female  ready  to spawn or  not 
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.- Yet,  studies by  Stacey and Sorensen 
( 199  1 ) have shown that this steroid may 
act as a pheromone in goldfish (Carassius 
auratus). The  different steroids thus 
appear to have a specific role in the dif- 
ferent sequences of behavior involved 
in  the defense OF the territory  and in 
the development of the reproductive 
behavior. 
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Abstract 
A study to  characterize the eight strains of Oreochromisniloticus (Egypt, Ghana, Senegal. Kenya, Israel, 
Slngapore. Talwan and Thalland) was conducted using truss rnorphometrics. To remove the effects of size. 
a standard body slze for each sex was established. Principal Component Analysis (PCA)  was used to  explore 
intraspecific variation by plottlng the principal component (PC) scores. PCA was performed in  two stages: 
(1) uslng all truss lengths (p=21) for each sex and both sexes combined: and (2)  using only selected truss 
lengths for each sex and both sexes combined. Selection of trusses was by discriminant analysis (selection 
criterion, Wilk's Larnbda=0.05). Analysis of varlance (ANOVA) was performed on all PCs to detect strain 
differences. The PCs which revealed significant strain differences were used for XY plots. To  determine error 
of strain classiRcation, a discriminant analysis was performed using a priorlstrain groupings. 
The pattern of variable loadings across the first eight PCs indicated significant differences between males 
and females of the eight strains. ANOVA on PC7 scores showed signlficant differences (P<0.05) and relatively 
clear separation of strains.  For females, the plot of PC8 against PC~  shows slight separatlon of Kenya and 
Thailand strains from the cluster. A similar but weaker separation of  stralns was observed for males. Overall, 
the results indicated few truss rnorphometric differences among the eight strains. 
Morphometric and anatomical rneasure- 
rnents have traditionally  been used to 
differentiate populations in general and stocks 
of  fish  in  particular  (Ihssen et al.  1981). 
Morphometric characterization of  strains 
within a given species, however, involves 
detection of  subtle differences in  shape. 
independent of  size. The truss network 
method (truss  morphornetrics) is a powerful 
method for this (Strauss  and Bookstein 1982; 
Winans  1984). Truss  morphometrics 
overcome the biases of traditional measure- 
ments (standard and total  lengths,  body 
depth, etc.), namely, dense measurements 
in  some areas of the body and a  paucity 
elsewhere, and biased and uneven coverage 
of  the body. The truss method involves 
measuring distances between homologous 
(or landmark) points along the body that 
form a  regular  pattern of contiguous quadrilaterals or cells. These measurements, 
after appropriate data manipulation, are 
subjected to  multivariate statistical analysis-- 
discriminant analysis or Principal Component 
Analysis  (PCA)-depending  on a pridri 
recognition of groups. A  comprehensive 
account on the truss network method and 
its application to  carps and tilapias can be 
found in Brzeski et  al. (1  989): 
Prevlous studies on truss morphometrlc 
characterization of tilapias include those of 
Brzeski and Doyle (1988) and Pante et al. 
(1  988).  The  former study reported successful 
discrimination of sexes  long before discernible 
size difkrences occur. The study of Pante 
et  al. (1  988) suggested successful discrimi- 
nation between tilapia species, and rela- 
tlvely weaker separation of  strains and 
introgressed hybrids. 
This paper describes morphometric char- 
acterization of eight diverse strains of  Nile 
tilapia ( Oreochromis niloticus), based on 
size and shape, using a total of  21 land- 
mark points. This study builds on that of 
Pante et al. (1  988) and describes several 
methodological modifications to  discrimi- 
nate strains. It was conducted under the 
ausplces of a collaborative research project 
on the Genetic Improvement of  Farmed 
Tilaplas (GIIT)  (Pullin et al.  1981 ; Eltnath 
et al. 1993). 
Materials and Methods 
Random samples of 27-30 individuals from 
a pool of offsprings (Table 1)  from single- 
pair matings (1  7-25 pairs each) of eight 0. 
n//oticus  strains were used. The four Phll- 
ippine commercial strains (termed Israel, 
Singapore, Taiwan and Thailand) and four 
African strains were collected from Egypt, 
Senegal, Ghana and Kenya (Eknath et al. 
1993).  The procedures for collection of truss 
morphometric data  are described by Velasco 
et al. (1992). A truss network of 21 Iand- 
mark points (Fig.  1) along the body was 
measured,  using  a  Computer  Aided 
Monoscopic Analysis (CAMA) program 
designed to record  linear measurements 
of  objects on a photographic image. To 
remove the effects of size, a standard measure 
Table  1.  The eight Nile tilapia (Oreochromls nllotlcus) strains and the numbers of 
males and females used for truss measurements. 
Strain  Strain code  Male  Female  Total 
(M)  (F) 
African wild strains 











Total  118  1 16  234 1 Flg. 1. Truss network of 2  1 landmark 
A.  Antem-dorsal 
measurements 
Mouth tip-1st dorsal- 
spine 
Mouth tip-premaxilla 






5.  Length and bdy 
measurements 
Dorsal spine-pelvic fin 
MTDS  Pelvic fin-anal spine 
MTPM  Pelvic fin-dorsal ray 
MTDL  Dorsal spine-anal spine 
PMDS  Dorsal splne-dorsal ray 
PMLL  Dorsal ray-anal spine 
points on the body outllne, rneas- 
ured during rnorphornetrlc charac- 
terizatlon  of eight test strains  of 
OrrOChrvrnis nllotlcus. For explanation 
of various homologous points, see 
Table 1. 
Prernaxilla-pectoral fin  PMPC 
Prernaxllla-pelvic fin  PMPV 
Dorsal spine-lateral llne  DSL 
Lateral Ilne-pectoral 'fln  LPF 
Pectoral fin-pelvic fin  PCPF 
of body size for each sex was  estimated as 
the geometric mean of all truss lengths 
(Brzeski et  al. 1889): 
where xp  = measured truss lengths (p=2  1  ) 
and X = standardized measure OF body size. 
The log truss lengths (xp)  were then re- 
gressed on the Xvalues from equation (I), 
leading to  the allometrlc growth function: 
where l3  and k are derived from the slope 
and intercept, respectively, of the linear re- 
gression. From this regression, the  predicted 
measure of each truss length (Gp) was ob- 
tained. The corrected truss lengths, expressed 
as  the ratio of  (xp/jZp)  were used in Further 
analysis. 
C.  Caudal measurements 
Anal spine-top 
DPF  caudal peduncle  ASTC 
PSAS  Dorsal ray-bottom 
PFDR  caudal peduncle  DRBC 
DSAS  Dorsal ray-top 
DSR  caudal peduncle  DRTC 
DRAS  Top caudal-bottom 
caudal peduncle  TCBC 
Bottom caudal 
peduncle-anal spine  BCAF 
Due to sexual dimorphism  (Chewinski 
1983) and in  the absence of unequivocal 
techniques to correct for this, males and 
females were analyzed separately and the 
data were later pooled For  comparison. 
KA  was performed in two stages: ( 1  ) us- 
ing all truss lengths (p=21)  for each sex and 
both sexes combined; and (2) using only 
selected truss lengths for each sex and both 
sexes combined. Selection was by discrimi- 
nant analysis (selection criterion, Wilk's 
Lambcla=0.05).  Analysis of variance (ANOVA) 
was performed  on all  PCs  to detect strain 
differences. The PCs which revealed signifi- 
cant strain differences were used For XY  plots. 
To test the separation of  strains further, 
discriminant analysis was performed using 
the apdoristrain  groups and their correspond- 
ing selected truss lengths (stage 2, above). 
The error rate of classification of individuals 
to their respective a priori  strain groupings 
(i.e.. thelr origins) was also estimated. Results 
PCA on A11  Truss Lengths 
The variable loadings of  the first eight 
PCs are presented in Table 2. The total cu- 
mulative variation explained by the first eight 
PCs was about 80%. 
The pattern of variable loadings for PC 1 
was similar for males and females: head 
measurements loaded negatively whereas 
body and tail measurements loaded posi- 
tively. A close similarity of coefficients for 
PC2 and PC3 for both sexes described body 
length and diagonals as  well as  head meas- 
urements. PC4  revealed contrasting differ- 
ences between sexes, the tail region that 
loaded negatively in females loaded posi- 
tively  in  males. PC5 showed similar pat- 
terns in  the two sexes for the opercular 
measurements except that no significant 
coefficients were observed For  the tail re- 
gion in males. For  PC6, more variability in 
head, body and tail  measurements was 
observed in males than in Females. PC7 and 
PC8 exhibited contrasting patterns of co- 
efficients between the sexes. PCA on pooled 
data of  males and females revealed  PC 
patterns either similar to  males or females. 
ANOVA on PC7 scores showed signifi- 
cant differences (P<0.05;  Table 2, last row) 
and relatively  clear separation of  strains 
(Duncan's multiple range test). For females, 
the plot of PC8 against PC7 (Fig. 2)  showed 
slight separation OF Kenya and Thailand strains 
from the cluster. A similar significant but 
weaker separation of strains was observed 
for males. 
Overall, the differences between sexes 
were due to differences in  head and tail 
measurements. 
PCA on Selected Truss  Lengths 
The proportions of the total variation in 
truss lengths (cumulative Rz)  explained by 
the first eight PCs, using the full  dataset 
(p=21),  were 81°/o,  80% and 78%  For  Fe- 
males, males and females+males, respec- 
tively (Table 2).  These proportions of total 
variation increased to  37% 95% and 90°/o, 
respectively, when only selected truss lengths 
were used (Table 3). PC1  revealed a con- 
trastlng pattern of coefficients between sexes. 
For all other PCs, the pattern was similar. 
PC7  and PC8 differentiated the head and 
tail regions. The plots of PC3 against PC2 
(Figs. 3.3 and 3b)  show slight separation of 
Egypt and Israel strains among females and 
Egypt and Senegal strains among males. 
The selected truss lengths were further 
used in  discriminant analysis to estimate 
the error rate of classification of individu- 
als to  their respective aprioristrain groups. 
Results for males and females  are presented 
in Tables 4 and 5. The strain classification 
error was high, ranging from 8 to 60% for 
males and 7 to 47% for females. 
Dlscusslon 
Overall, the results indicate few signifi- 
cant morphological differences among the 
eight Nile tilapia strains. Note also the high 
classification error in discriminant analysis. 
Data reduction using stepwise  discriminant 
analysis (i.e.,  by selective removal  of  re- 
dundant and highly correlated truss lengths) 
improved strain separation, but only mar- 
ginally. For example, in the case of males, 
the PC1  using the Full  dataset (p=21)  ac- 
counted for  17.8% of  the total variation, 
whereas the PC1  of  the reduced dataset 
accounted for 24.5% of the total variation. 
The plots of PCs (Fig. 3) from the reduced 
dataset also reveal only weaker separation 
of strains. 
One of the reasons for the poor separa- 
tion of stocks could be the number oFsamples 
used and the number of truss lengths meas- 
ured. Misra and Ni  (1983)  suggested that 
using a large number of characters with lim- 
ited samples can be inappropriate in  dis- 
criminant analysis. Harris (1975, cited in 
Corti et  al. 1988),  however, suggested that Table 2. PCA wing  a11  21 truss measurements  made on elght strains of Nlle tllapla ~OrwEhmmIsnlJot/cus):  Patterns  oicoeffic[entr for the flrst elght  PC3 for males. kmalu  and ma!es+females. 
A '+'  or '-'  Indicates a paritlve or negative weffldent whlch absolute value Is  greater than half the maxlrnum coeffident For  the relevant PC.  Values tor truss lensths whlch are below the 
cutoff point are left blank. For explanation of abbrevlatlons, see FLg.  I. 
--  - - - --  -  --  - - -  - 
Females  Males  Both sexes 




















ASTC  +  t-+  +-++  +  + 
DRBC  -  -  +  +  +  -  + 
DRTC  +  -.  -  t -  -  -+- 
TCBC  -++  ++  +  + 
BCAF  +  +-+  +  +  t  +  +  + 
Eigen value  3.74  3.08  2.59  2.16  1.73  1.57  1.17  0.89  3.79  2.69  2.37  2.11  1.64  1.61  1.25  1.20  3.64  2.55  2.48  2.21  1.77  1.59  1.21  0.95 
ANOVA  Rz  15  15  6  I6  7  9  23  22  7  34  12  20  22  I0  20  6 --  Israel  ---  Thailand 
.*.....  Ghana  -  Taiwan  -  Kenya  -  Singapore 
---  Senegal 
---  Egypt 
Fig. 2. Plot  OF  PC8 versus PC7 using all truss lengths (p=21)  of female for eight strains. Table 3.  PC4 using only selected truss measurements made on eight strains 01 Nile tilapla (Omchmmb m7oticus): Patterns of coefliclents lor the Arst eight PCs br  males.  lernde.5 and 
males+females. A '+' or '-'  indicates a positive or negatlve coefficient which absolutevalue Is greater than half the maximum coeffident br  the relevant PC. Values for truss lengths whIcb are 
below the cutoff point are leh blank. Shaded rows represent truss lengths that were droppd  from the analysis. For explanation of abbreviations. see Fig. 1. 
Females  Males  Both sexes 





PMM  -  + 
PMLL  +  t  t 





DSAS  --+ 
DSR  +  +++-+--++  +  +  + 
DRAS  +  +  +  +  -  +  +  -+- 
ASK  +  +  +  -+- 
DKBC  +  +  +  +  +  t  .  - 
DRTC  +  -  + 
TCBC 
BCAF 
Eigen value  2.20  1.70  1.47  0.99  0.76  0.56  0.53  0.47  2.38  1.86  1.45  1.30 0.88  0.66 0.47  0.41  2.44  1.84  1.59  1.10 0.92  0.82  0.65  0.57 Fig. 3a. Plot of PC3 versus PC2 using selected truss lengths (m-9) of Female For  eight stralns. 
-3L  I  I  I  I  Ill  I  I  I  I 










Fig. 3b. Plot of PC3 versus PC2  using selected truss lengths (m=10)  of male for  eight strains. Table 4. Females: results of discriminant analysis. The values represent individual Nile tilapia (Oreochromis 
niloticus) as  belonging to a given strain. The corresponding classification error  is given in parentheses 
along the diagonal. For explanation of code letters, see Table  1. 










if  the number of individuals minus the number  differences to  some  extent. Our technique 
of variables measured is  greater than 30,  for size correction used a combination of 
then the  sample can be considered as  large.  regression coefficients and ratios. There have 
According to  this principle, the sample size  been serious arguments on the  use of ratios 
adopted in this study is  inadequate.  because of the statistical and conceptual 
The size correction procedure followed  diHiculties that they can pose. Ratios vary 
in this study may have also masked strain  with the values OF their denominators and 
Table 5. Males: results of dlscrlrnlnant analysis. The values represent Individual Nlle tllapla (Oreochromis 
nllotlcus) as  belonging to a given strain.  The corresponding classification error  is given in parentheses 
along the diagonal. For explanation of code letters, see Table 1. 









All numerators, and alter the factor structure 
of the  covariance matrix (Thorpe 1976,  cited 
in Corti et  al. 1988).  Regression coefficients, 
on  the  other hand, assume linearity between 
variables. 
In a previous study, the same strains as 
in the  present study  were characterized by 
isozyme electrophoresis, and a dendogram 
of genetic distances between the strains 
was constructed (Eltnath  et al.  1991; 
Macaranas et  al. 1995).  The Asian farmed 
strains were found to be closely related to 
the wild strains collected From  Egypt and 
Ghana. This is  in agreement with the his- 
torical documentation records collected by 
Pullin and Capili (1  988).  The strain collected 
from Kenya showed the greatest genetic 
distance to  the other strains, as  expected 
from the recognition by Trewavas (1  983) 
of  the Kenya strain as  a separate subspe- 
cies. As may be  seen  from Fig. 3, the  gene- 
tic distances between the strains are not 
reflected  in the morphometric separation 
of the  strains. The strains showing  a tenden- 
cy to  separate  were Egypt and Israel (among 
females), and Egypt and Senegal (among 
males). The Kenya strain was almost com- 
pletely overlapping with the  other strains. 
Strain characterization and their evalua- 
tion in applied breeding programs will con- 
tinue through the  GIFT project. The emphasis 
in  the future will  be on a  combination of 
techniques to  characterize strains: electro- 
phoresis, truss morphometrics, and the  use 
OF hemoglobin and other blood parameters. 
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Abstract 
Heterosis,  maternal and additive effects and general cornblning ability for  fry  growth during nursing 
(length and weight at 75 and  120 days post-fertilization) were evaluated in three strains of Oreochromis 
spp. (0.  niloticus Bouake strain, 0.  aureus Israel straln and 0. aureus Manzallah strain.  Egypt) in  a 3x3 
diallel system.  Mean heterosis for fry  production (comparing all crosses within and among species  and 
strains) was 1  1.2%. 
Mean heterosis values were negative for all growth traits studied (-0.13 cm  and -0.22 crn for  length: 
-0.10 g and -0.31 g for welght). The absolute values for additive effects were very high in the Israel and 
Manzallah strains compared to the Bouake strain. The maternal effect in the Bouake straln was higher than 
in other strains. The general combining ability in the Bouake and Israel strains showed positive values, 
whereas these values were negative in the Manzallah straln. 
In  farmed animals, the importance of 
heterosis has been recognized for years. 
This can be explained genetically by  the 
dominance  of  Favorable  alleles;  the 
overdominance or superiority of  hetero- 
zygotes (intra-allelic interaction); or the 
epistasy-the  interaction of  alleles not be- 
longing to  the same locus (inter-allelic in- 
teraction). Determination of  the basis of 
heterosis is important to  maximize heterosis 
in  crossbreeding programs. Estimation of 
genetic parameters in  populations of hy- 
brids and pure breeds can point to  the most 
effective breedlng methods. 
In  aquaculture, and particularly  in  cul- 
tured tilapias numerous hybridimtion studies 
have been conducted (Wohlfarth and Hulata 
1983).  However, most were performed to 
produce monosex populations, for the male 
growth advantage, and to  control early and 
Current address: 04 B.P. 304 Bouake 04. ate  d'lvoire. 
prolific  reproduction  (Lovshin  1982; 
Wohlfarth and Hulata 1983).  Growth per- 
formance was mostly overlooked, as an 
economically important trait of its own. 
Inland fisheries and aquaculture in C6te 
d'lvoire are dominated by Oreochromis  niloti- 
cus. Several Oreochromis spp. and strains 
of 0. niloticus have been introduced and 
stocked at  the lnstitut des  Savanes (IDESSA), 
Fish  Culture Research Station since  1950 
(Nugent 1988).  These have been used in 
various studies including those of various 
production systems, growth comparison, 
adaptability to  the environment, sex ratio 
in crossbreeding, etc. (IDESSA 1989).  Almost 
none of  the previous studies considered 
growth performance of  crossbred  indi- 
viduals. In  reorganizing the research acti- 
vities in  1988, IDESSA  launched a  large 
program for the simultaneous comparison 
and characterization of various species and 
strains of  Oreochromis, based on their 
production, morphometric traits and protein 
specificity. This study was undertaken under this 
program and its objective was to charac- 
terize hybrids among  two  strains of  0.  aureus 
and one  strain of  0. niloticus, with respect 
to  additive  and nonadditive genetic  param- 
eters  OF the length and weight of fry. 
Materials and Methods 
Ferred  to 1x1  xl m  cages up to 120 days 
PF. 
The fry were fed with a vitamin-enriched 
compound feed for salmonid fry, six times 
a day at a  rate ranging from 6 to 20% of 
the biomass. 
Fifty fry per spawning (unless lower num- 
bers prevented it) were weighed (g)  and 




One strain of  0. niloticus, Boualte (NB) 
and two  of  0. aureus,  Manzallah, Egypt (AM) 
and Israel (AI)  were  crossed in a 3x3  diallel 
system. The Bouake strain of  0. niloticus, 
described by  Nugent (1988) is  the most 
commonly used For  fish  culture in  Cbte 
d'lvoire. The strains of 0.  aureus were in- 
troduced at the IDESSA in  the 1980s; the 
Al strain came from Israel via Tihange, Bel- 
gium in  1881 (Nugent 1988);  and the MA 
strain, from Lake Manzallah, Egypt in 1988 
(IDESSA  1  989). 
The study  was  conducted at  the IDESSA 
station from April to  October 1787. Breeding 
groups (three females and one male per 
group) were assembled in  200-1 aquaria, 
with water temperature varying from 20 
to  25°C. To reduce injuries on Females, the 
premaxillae of males were cut before their 
introduction in  the aquaria. All  broodfish 
were identified using Floy tags. 
These aquaria were observed during the 
day  to  identify mouthbrooding females. Once 
a female was  mouthbrooding, the  two  other 
females and the male were transferred to 
storage tanks. After 1 1 (+2)  days post-fer- 
tilization (PF), larvae were removed from 
the  mouth of  the female, counted and then 
transferred to mosquito-net cages placed 
in the aquaria for up  to  20-23 days PF. Fry 
of approximately 23 days PF were trans- 
ferred from the  aquaria into 0.5~0.5~  0.75 m 
mosquito-net cages in cemented tanks up 
to  75  days  PF, with an initial density of 300- 
500 fry  per cage. They were later trans- 
The statistical models applied to  the  data 
collected were those described by Beclter 
(1984) and Bulmer  ( 1985).  Two types of 
analysis were conducted: one  on  the  mean 
values obtained for each crossbreeding type 
(Analysis  I), the other on the individual data 
obtained for each fry measured (Analysis 
11). 
ANALYSIS I, MODEL  1 
where Yii,  p. G, (G,) and m, represent the 
mean value observed in the ij-th crossbreed- 
ing type; the  general mean value; the  general 
combining ability of  the i-th strain (j-th strain); 
and the maternal effect, respectively. Ma- 
ternal effect was considered instead of re- 
ciprocal effect because there was  only one 
spawning in  some crosses and the pres- 
ence of  maternal effect is  the most likely 
biological reason underlying the presence 
of  reciprocal effect. 
ANALYSIS I. MODEL 2 
- 
where h, hi (hi) and ai (a,)  represent the 
average heterosis among all  strains in  all 
crosses; the heterosis of  the i-th (j-th)  strain 
and the additive genetic effect of  the i-th (j-th) strain, respectively. All estimates  are 
measured as deviations from the overall 
mean. 
ANALYSIS II 
where Y,),,,  c,, MI,,  F,), and e ,,,,  represent the 
value observed of  the I-th  fry  of the ijk 
subclass;  the  effect of the  i-th genetic  type; 
the  effect of the  j  male in the  i crossbreed- 
ing type;  the  effect of  the  female  I<  crossed 
with the  j male in the  i crossbreeding  type; 
and the residual error, respectively. This 
error was used to test the effects of  the 
models  of Analysis I. Statistical analysis was 
done  using the least squares method (Harvey 
1988),  F-  and  Bonkronni t-tests (Bailey 1977; 
Gill  1978). 
Results 
In total, 16 spawnings  took place between 
12  males and 14  females. The distribution 
of spawnings for each crossbreeding type 
is presented in Table 1.  In general, crosses 
between species and between different 
strains with 0.  aureus produced more than 
crosses with strains of the same species. 
However, with so few data, the heterosis 
value in Table  1  should be treated with 
caution. 
Table 2 shows  that the  general combin- 
ing ability had a very significant effect on 
the  traits at  75 days, and less effect (P<0.01) 
at 120  days. The additive effect was high 
(P<0.01) for length at 75 days. The other 
factors  had no  significant ekcts  on  the length 
and weight of fry. Of the  two random vari- 
ables, only the  dam  within sire variable for 
each genetic type had a significant effect 
on length at 120  days and weight at both 
ages. 
Genetic  parameter estimates  are presented 
in  Table 3. For  all  traits studied, average 
heterosis estimates were negative. This 
indicates that the "within" strain fry per- 
formed better that the "among" strain fry. 
The differences were 0.1  3 and 0.23 cm 
for total length, and 0.10 and 0.31 g for 
weight at 75 and 120 days, respectively. 
Among strains, crosses involving NB and 
Al contributed positively  to the overall 
performance of  the fry. On the  other hand, 
the total length and weight mean values 
of the Fry  from crosses involving the AM 
strain were lower than the overall mean 
value. 
The additive genetic effects among the 
three strains (Table 3) were significantly 
different (P<0.01).  The Al  strain showed 
the highest additive genetic estimate, fol- 
lowed by the NB and AM strains. SigniR- 
cant differences of additive genetic effect 
were observed only for total length at 75 
days. 
A similar ranking was observed for gen- 
eral combining ability, with significant dif- 
ference among  strains for both total length 
and weight. The use of  the  Al strain increased 
the length and the weight at 75 days by 
2.20 cm and  1.17 g, respectively, com- 
pared to  the  AM strain. The same applied 
to the NB strain (0.70 crn  and 0.20 g). 
The general combining ability of the  strains 
was less  pronounced at 120 days (Table 
3). NB  and A1  strains did not differ with 
respect to length. For weight, the contri- 
bution of the NB strain compared to the 
AM strain was twice as  high as  that of  the 
A1  strain (1  -29  g against 1.5  1 g). 
Table 4 shows the mean values of the 
least squares  for each trait by genetic  type. 
The fry  in  A1  had  a  higher performance, 
followed by the  fry in NB then by the fry in 
AM. But at 120  days, there was no  differ- 
ence between NB and Al. Fry from NEQxAMd 
and AlQxNBd  crosses had the highest 
weights and lengths. Fry  from AlgxAMd 
crosses, as  well as  those from AMQXNB~ 
crosses, had very poor growth. 
It  is  important to emphasize that the 
datasets here were  very limited and should 
not be used for firm conclusions. The intention Table  1. Reproduction and production of fry among different species and strains of Oreochromis spp.:  Al = 
0. aureus (Israel): AM  = 0.  aureus (Mamallah); and NB = 0. nllotlcus (Bouake) for tach cross. 
Mean weight (g) 
of broodnsh 
Cross'  Number of  Total number  Number of  fy/ 
spawnings  Male  Female  of fry  weight of female 
Withln specles or strains 
NBxNB  5  202.3  137.1  3,122  4.55 
AMxAM  1  133.6  126.0  1,082  8.59 
AlxAl  1  219.0  120.0  644  5.37 
Among species or strains 
NBxAM  3  113.6  83.9  1.365  5.42 
AMxNB  2  172.0  126.0  1,148  7.98' 
NBxAl  1  277.0  187.0  1,050  5.61 
AlxNB  1  179.0  121.0  375  3.09 
AMxAl  1  183.0  11  3.0  1,078  9a54 






Heterosis %  11.2 
'The  female parental strain is mentioned first. 
The second spawning was not considered; the female rejected more than half of her eggs. 
'Number  of fry per spawning. 
Table 2.  Analysis of variance for weights and lengths at 75  and 120  (d) days of Oreochromls fry obtained 




Degree  Mean squares of deviations 
0  f 
freedom  Total length (cm)  Weight (g) 





General combining  ability 
Genotype 
Sire within genotype 
Dam within sire/genotype 
Error 
*p<0.01:  **P<O.001. 
(a) Degree of freedom = 438  and 57  1  for measures at 75  and I20  days, respectively, Table 3.  Values estimated using the least squares method for genetic parameters of growth traits In hybrid 
fry of Oreochrom/s spp. (see Table 1  ). 
Total length (crn)  Weight (g) 
Parameters 
75 d  120 d  75 d  120 d 
General mean values 
Within specles and strains  3.73  5.09  1.08  2.51 
Among species and strains  3.60  4.87  0.98  2.20 
- 
Average heterosls (h)  -0.1 3  -0.22 
Strain heterosis (h/h,) 
0. niloticus  N  B  0.23  0.14  0.24 0.22 
0.  aureus  AM  -0.55  -0.24  -0.30 0.16 
0.  aureus  A l  0.32  0.10  0.06 -0.38 
Additive effect (a) 
0.  niloticus  N B  0.  0Sb  0.37  -0.03 0.94 
0.  a  ureus  AM  -1.36"  -1.18  -0.80 -1.51 
0.  a  ureus  A!  1.28'  0.81  0.83  0.57 
General combining ability (G) 
0. nil0  ticus  N  B  0.27b  0.33'  0.23b0.69 
0.  aureus  AM  -1.23"  -0.83b  -0.70"-0.60 
0. aureus  A l  0.97"  0.50'  0.47"-0.09 
Maternal effect (m) 
0. nil0  ticus  N  B  0.25  0.23  0.21 0.58 
0. a  ureus  AM  -0.26  -0.10  -0.31 -0.53 
0.  a  ureus  AI  -0.01  -0.13  0.10 -0.05 
Values with different letters in a slngle column are significantly different (Pi0.001). 
Table 4. Mean values  estimated using the  least squares method for  each  hybrid cross among different 
strains of Oreochromis spp.:  A1  = 0.  aureus (Israel); AM  = 0.  aureus (Manzallah): and  NB - 0.  nilotlcus 
(Bouake). 
Total length (cm)  Weight (g) 
Galn (g.da~-')~ 
75d  l2Od  75d  l2Od 
General mean values 











Coef.  Var. % 
"The Female parental strain is mentioned First. 
"Differences  between the mean values at 75 and 120 days PF. was to  demonstrate the approach and work 
in  progress. For example, although Analysis 
I  above is based on  the mean  values of  each 
cross, some crosses produced one single 
spawning only. In  such cases, the error term 
from the analysis of  individual observations, 
expressed as the variance of means, was 
used to  test the significance of the effects 
in  Analysis I. 
Results of  this study give negative heterosis 
values. However, positive heterosis values 
for growth  have been reported in Oreochro- 
misspp. (Jayaprakas  et  al. 1988; Tave 1988). 
The study of  Jayapralas  et al. (1  988) showed 
that at 60 days, the Egypt strain of 0. niloficos 
had a higher growth (kO.05)  than the strain 
of Cbte d'lvoire. The heterosis values for 
F, CBte d'lvoire x Egypt (CE) and its recip- 
rocal (EC) were 9.5 and 28.3% for length 
and weight, respectively. For the growth 
of F, hybrids of three 0. nilotl'cus strains 
(C6te d'lvoire, Ghana and Egypt)  at 47 days, 
Tave ( 1988) found heterosis  values between 
3.0 and 1  1  .Soh. 
In  the present study, negligible or negative 
values of  heterosis for hybrids of  strains of 
different origins could be attributed to 
epistasy (Falconer  1981). It is also impor- 
tant to  note that in  the above studies, the 
different strains are of the same  species 
whereas in  our study the strains are From 
two  species of Oreochromis. 
The estimated parameters in  the AM  strain 
all showed negative values. Similarly, the 
fry from the AM  intra-strain crosses  had 
the lowest growth  among  the three strains. 
This poor perFormance is possibly due to 
the great number of  fry (8.59.~')  produced 
by  weight of  female by  this strain. This may 
imply smaller eggs and smaller fry. 
The estimated values of  the additive (a) 
genetic effect  in the A1 strain were very 
high  compared to  those of  the nonadditive 
(G, h  and m)  parameters. In  view of  its psitive 
values of  G, h and m, the NB strain seems 
to  show an interesting  potential  for hybridi- 
zation. It appears to be a good strain for 
dams. This study has shown that positive 
additive genetic effects were present in  the 
NB and Al  strains. Moreover, maternal ef- 
fect was important in the NB strain for the 
growth traits studied (total length and 
weight). This may offer opportunities for 
selective breeding and hybridization to 
improve growth  of  fry of Oreochromls  spp. 
by  combining selection and crossbreeding. 
However, the limited  data used in  this analy- 
sis does not allow for any conclusive re- 
sults. Further studies would be required. 
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Abstract 
Thls paper documents a new, computer-based method for identifying via "auximetrk grlds" (I.e.,  double 
log plots of the von Bertalanyl parameters K and W_ as ordinates and abscissa, respectively) the range of 
growth perbrmances likely to occur in a given taxon, of which several populations have been studled In 
terms of growth. This method is applied to wild tilapia, notably Oreochromb niloticus which is defined in 
terms of the growth parameter "space" It occuples and whlch Is contrasted wlth that of other spedes of 
tllaplas and other fishes. 
lntroductlon 
Organismic growth, including growth of 
Ashes (e.g.,  tilapias) is  a process through 
which size (weight or length) changes  with 
'ICLARM  Contribution No. 864. 
bAnother contact address: Fisheries Centre, Univer- 
sity of Brltlsh Columbia, 2204 Main Mall, Vancou- 
ver, B.C.  GnadaV6T 124: e-mail: PauIy@fisheries.com. 
time. Thus, any  attempt to depict or com- 
pare growth must deal with both dimen- 
sions. However, comparing growth curves, 
which llnk size and time, is  not straight- 
forward. Indeed, depending on  one's defi- 
nition of "slow" or "fast"  growth, one  can 
get  into serious contradictions when growth 
curves cross one another. Thus. Kinne (1  960) 
writes that "the difference in growth rate 
established in young fish does not persist 
throughout life. Initially slow-growing fishes may surpass initially  fast-growing fishes, 
and Finally reach a greater length-at-age". 
Contradiction of this Icind, combined with 
a general preferenck, by of aquaculturists. 
for expressions of  growth other than full 
growth curves, e.g., of  the  von Bertalanffy 
type (Hopkins 1992)  may have prevented 
intra- and interspecific comparisons of growth 
in tilapias, and hence appropriate selection 
of species and/or strains with high growth 
potential among a wide range of habitats 
(Pullin 1988). 
To address this issue, we combine here 
two measures of growth performance de- 
veloped by Pauly ( 1979)  and now  referred 
to as  $ and $' (Munro  and Pauly 1983;  Pauly 
and Munro 1984)  which have been widely 
applied to  tilapias (Moreau et  al. 1986;  Pauly 
et al.  1988a, 1988b)  with the auximetric 
grid concept of  Pauly (1979, 1980). Both 
rely on the von BertalanKy growth func- 
tion (Bertalanffy 1938)  or  VBGF, of the  form, 
for length and 
for weight, where Lt and W,  are the pre- 
dicted mean sizes at  age  t, Lm  and Wm  the 
asymptotic sizes, i.e., the mean size that 
the  fish from a given population would reach 
if  they were to grow indefinitely,  K  the 
parameter expressing  the  curvature of  the 
curve, to  the "age" at  which size = 0, and b 
the  exponent of  a length-weight relation- 
ship of the form W = aLb (with b usually 
close to 3, i.e., proportional to "length 
cubed", or volume). Given appropriate 
parameter values, equations (1)  and (2)  can 
fit a wide  variety of sets  of size-at-age data: 
numerous methods exist to  estimate these 
parameters (Gulland 1983; Pauly 1984). 
Important in the context of  this contri- 
bution is that none of the  VBGF  parameters 
has by itself the  dimensions of  growth (i-e., 
length vs time or weight vs time); Lm  and 
Wmrepresent  size alone, and K and to  have 
the  dimensions  tirne-' and time, respectively. 
However, various combinations of these 
parameters, e.g., L;K  have a suitable di- 
mension (here: I/t), i.e., that of a growth 
rate (Gallucci and Quinn 1979). Although 
put on a logarithmic basis, the indices of 
growth performance: 
and 
also have the  correct dimension of a growth 
rate, and are now widely used to  compare 
the  growth performance of  different fishes 
and invertebrates, owing to their being 
normally (and narrowly) distributed for dif- 
ferent populations of the same species 
(Moreau et  al. 1986:  Valtily 1992).  The lat- 
ter feature also allows estimation of Kfrom 
Lm or Wmwhen  their (mean)  $' or $ is known 
from a (number of) population(s). 
The slopes of 2 and 2/3 in equations (3) 
and (4), respectively, which make these 
indices perform as  they do,  were  estimated 
by  Pauly (1979) from a  large dataset in- 
cluding numerous tilapia populations docu- 
mented in  Pauly  (1978, 1979). Equation 
(3) implies that plots of  log,,K  vs log,,LH, 
will have, on average, a slope of 2. Corre- 
spondingly, equation (4)  implies that plots 
of log,,l~  vs logloWm  will have, on average, 
a slope of  2/3. 
The auximetric (from the Greek for 
"growth" and "measure") grid is a double 
logarithmic plot of the parameter K of the 
VBGF  vsasymptotic size (Lm  or  Wm).  Herein, 
a population with a given set OF  growth 
parameters (L,,  K or W-,  K) is represented 
by a single point, and different populations 
of the  same  species will tend to  form a cluster 
of  points. Since equations (3)  and (4)  imply 
that these clusters can be fitted with regression lines of  known slope, the  clustering 
also implies that ellipses can be superimposed 
on the clusters of points, with long axes 
parallel to  both slopes in (3)  or (4),  intercepts 
equal to  4' or 4, and surface areas related 
to the variance of  the datasets that are 
represented. 
Thus ellipses, with circumference con- 
taining the 95% confidence area (S) of  a 
cluster of  Lm, K  (or Wm,  K) values, can be 
readily estimated. Moreover, the value of 
S expressing the L*,,  I<  (or Ww,  I<)  space 
occupied by a given species can, beyond 
a critical number of  data points (n4-6). 
be readily made independent of n. A sim- 
ple resampling method which allows this 
is  presented in Fig.  1. 
The auxirnetric grid approach thus allows 
quantifying the similarity of  growth pat- 
terns of  fishes through: 
the overlap of  ellipses (implemented 
here through an index of  overlap between 
pairs of ellipses, see below) 
the distance between the center of a 
larger number of ellipses, and the subse- 
quent construction of  a dendrogram. 
These approaches were implemented in 
the  form of  a computer program called AUXIM, 
which has major routines, documented in Figs. 
1-4,  and in the text below. 
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Fig. 1.  Confidence ellipses 95% bounding the "growth space" occupied by two species of 
tilapia, and the plot used to estimates these ellipses: 
A = Ellipse for Oreochromis mossambicus, based on data in Table  1: 
B = Plot based on resampling the data in  Table I  and allowing estimation of Sm  in 0. rnossambicus: 
the polnts shown are n-2 (see also Appendix 2): 
C - Ellipse for 0. niloticus, based on data in  Table 2; 
D = Same as  in B, but For  0. niloticus and data in  Table 2. 
Note that For  0. mossarnbicus, S,,  (dotted) is very close to S_, while for 0. niloticus. S,, 
overlaps completely with Sy. 1.00 1  I  I  I  I 
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Fig. 2.  Overlap between 
asymptotic ellipses in Figs. 
1 A  and  1C  for  Oreo- 
chromis mossambicus and 
0. niloticus. Note high 
overlap index of 0.9, with 
non-overlap areas repre- 
scnting high 4' values for 
0.  niloticusand low $' val- 
ues for 0. mossambicus. 
Fig. 3. Auximetric grid based on the File 
in Table 3, i.e..  illustrating the location 
and the areas in L_.  K space occupied 
by 6 species of tilapia, and 6 other spe- 
cies of widely different fishes.  Ellipses 
wholely contained within others are not 
shown. 
T rendalli 
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Absolute  distance in "growth spoce" ( log,,unit  ) 
Fig. 4. Dendrogram of 
the similarities  of  Lm  and 
K in the 1 Z  species of 
fish in Tables  1-3 and 
Fig. 3. Note that the 
Ttlapia  spp..  Oreo- 
chr0rni.s  spp.  and 
Sarotherodon  galllaeus 
form  a  rather  tight 
cluster. to which 5. 
n~elanotheron  can be 
added (at a lesser level 
of similarity), to Form 
a well defined cluster 
for the tilapiines. Fig.  1, illustrating the first  routine of 
AUXIM,  is  a  representation,  using an 
auximetric grid, of the data in Tables 1 and 
2. As might be seen on Figs.  1A and 1C, 
ellipses can be readily Fitted  to the data 
point, showing their 95% confidence in- 
terval. 
Figs.  1  B and 1  D  illustrate our method 
for estimating the asymptotic surface area 
(Sm)  for the dataset illustrated in Figs.  1A 
and IC, respectively.  Herein, each point 
(i) represents the mean of 20  estimates of 
the surface area (S,) for a randomly selected 
set of  Lm,  K or Wm,  K data pairs, with i=3, 
4... n; the S, values are then fitted with an 
equation of the form 
As might be seen, S, decreases with n: 
this is  because the values of the t-statis- 
tic associated with the degrees of freedom 
(i- 1 ) decline faster than the S, increase with 
n (see also Appendix 1). 
Figs.  1  A and 1  C also indude the asymptotic 
ellipses for the data in Tables 1 and 2, re- 
spectively. As might be seen, these asymp- 
totic ellipses are close (Fig. 1 A) or equal 
(Fig. 1C) to the ellipses obtained without 
resampling, due to the n values in  these 
two cases being >>6. 
Fig. 2 shows the overlap between two 
ellipses and hence between two sets of 
growth parameters (from Tables 1 and 2). 
In this example, the overlap index is 0.89, 
a high value indicating a strong similarity 
in the growth performance of the two species 
compared here [this index can range from 
1 when the smallest of two ellipses is con- 
tained completely within the larger one, 
to 0 when the two ellipses are completely 
separated]. 
Figs. 3 and 4 illustrate the rhird  major 
routine oFAUXIM, which enables cornpari- 
sons of up to 20  files containing up to  200 
pairs of estimates of  Lw  K or WmK each. 
Fig. 3 shows the auximetrlc grid result- 
ing From the files in Table 3, which enable 
comparison of  various species of  tilapias 
with various "outgroups" included here for 
illustrative purposes. 
As might be seen, the ellipses represen- 
ting different tilapiine species show strong 
overlap, Indicating similarity in their growth 
performance. Moreover, their growth per- 
formance appears to  be well separated from 
that of other Fishes in terms of "the growth 
parameter space" they occupy on the 
auximetric grid. The same features are il- 
lustrated by the dendrogram of Figure 4, 
where the tilapiines form a homogeneous 
group, well  separated from other fishes, 
at least with regard  to the species used 
here for comparison. 
Dlscusslon 
Obviously, the new methodology pre- 
sented here will need to be further devel- 
oped, and applied to  numerous other spe- 
cies, before its potential usefulness is  fully 
realized. 
Here, we discuss only our two overlap- 
ping tilapia species, Oreochromis  nilotlcus 
and 0.  mossarnbicus. As might be seen on 
Fig.  2, the overlap between them occurs 
in conjunction with medium and low val- 
ues of  4' in 0.  niloticus. On the other hand, 
there is no overlap for the highest values 
of  4' which express the growth of 0. niloticus 
in large (natural and artificial) lakes of  Af- 
rica (Moreau et  al. 1986).  This then, would 
define in  terms of growth that part of  the 
niche of 0.  niloticus which it does  not share 
with 0. mossambicus. 
Similar consideration may apply when 
considering several species as illustrated 
in Fig. 3, and by the dendrogram in Fig. 4 
which allows ecological interpretations of 
differences in  species-specific growth 
performance. For instance, Tilapla rendalli, 
0. mossambicus and 0. niloticus form a 
cluster in Fig. 4. This is matched in the field 
by  their  very  similar,  predominantly Table 1. Example of  a flle such as required by AUXIM: von BertalanfFy growth parameters for 20 populations 
of Oreochromis rnossamb/cus (adapted from Moreau et al.  1986. who give details on sources, locations, 
methods of parameter estimatlon, etc.);  note that AUXIM requires L,or  Wm, not both. 
Table 2.  Von Bertalanffy growth parameters for  16 populations or  Oreochrom/s nl/oticus (adapted from 
Moreau et al.  1986, who give details on  sources, locations, methods of parameter estimation, etc.). 
No.  wm(g)  LmW.  crn)  K(year-') Table 3. Details on growth parameter flles used, together with Tables  1 and 2,  to create Flgures 3 and 4 
(adapted from Pauly et al. 1988. Moreau et al. 1986, and Pauly 1978. who give details on sources, locations. 
methods OF  parameter estimation, etc.). All L_  values are in cm and were converted to TL,  all K values are 
in year'. 
-  --  ~ 
Sarotherodon  Sarotherodon  Tl/apia  i7Iapia  Squalus 
melanotheron  galllaeus  z/ll//  rendalli  acanthias 
Esox  Lebistes 
lucius  reticula tus 
--  -  - 
"We used for tuna FL x 1.1 -  TL, well aware that TL does not mean much in tuna, given the rigidity of their 
forked tail. 
microphagous/omnivorous feeding habits  Conchslon 
(Costa-Pierce, this vol.). The other cluster 
includes Sarotherodon  galjlaeus and T. zi/li,  Our contention is  that the concept of 
two floodplain species; S. melanotheron,  'growth  space" presented therein, and the 
a detritivore of West African coastal lagoons  use of ellipses for bounding that space, offer 
(Pauly et al. 1988b)  complements the  tilapia  considerable scope for advance in study- 
cluster, which is  well  separated from  the  ing the ecology of tilapia and other fish 
other fish groups.  species. We shall support this by  sending the 
AUXlM program to anyone requesting it 
(C/O ICLARM, MCPO Box 263 1,07 18 Makati, 
Metro Manila, Philippines). 
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Appendlx 1 
Fig. 5 summarizes the key features of  the approach 
used in AUXlM to draw ellipses.  (The equations 
are expressed for growth in weight, but may be 
easily adapted to growth in  length); from (4) above. 
we have 
which is the equatlon of the major axls of  the elllpse, 
wlth 41 as the intercept with the ordinate. 
Simultaneously, and because it is perpendicular, 
the equation for the ellipse's minor axis is 
where Yo Is the ordinate at the intercept with the 
ordinate axis. The abscissa of the Intercept of the 
minor axis with the abscls~  axls Is Log,o (asymptotic  weight i g) 
log K and log W_  values (see text). 
If an ellipse is to refer to the 95% confidence 
interval of a cloud of points, the length (2.a) of 
the major axls  must be related to the standard 
deviation of X-;  at the same time,  the length of 
the mlnor axis (2.b) must be related to the standard 
deviation of $, or 
where the value OF  the t-statistic  is related to 
the number of points n,  with t-1.96  when  n=m 
(Sokal and Rohlf  1981), and where the factor 
3/2.(1/((1  +(3/2)2)112))  takes into account the fact that 
the axes of the ellipses are not parallel to the axes 
of the coordinate system. 
When the ellipses refer to the standard deviation 
of the average values of log,,W_and  log,,K,  sd (Xo) 
and sd (4) are replaced by standard errors, L.e.,  by 
se,,,  and se  ,,,,  respectively. 
AUXlM estimates the surface area (S*) of asymptotic 
ellipses by random resampling  of data polnts, as follows: 
For all values of n, from 4 to the actual number of 
data points (wlth n>>4), take, at random, ZO subsamples 
of (W_,  K)  sets and. For  each, compute the ellipses as 
shown in Appendix  1.  Then compute thelr average 
values of logW_, logK. 4, X-, 2.a. 2-b  and. from these. 
the area of the mean ellipse corresponding to any value 
of n. Flnally. fit Equation (5) to the series of data points 
thus obtained (see Fig.  1  ). Survlval of  TjIapla guineensis under Conditions of 
Low Dissolved Oxygen and Low pH 
K. WOKOMA 
Rivers Sta te Ministry of  Agriculture 
Podium Block Secretariat 
Port Harco urt 
Nigeria 
I.E.  MARIOGHAE 
African Reglonal Aquaculture Centre 
P.M.  B. 5122, Port Harcourt 
Nigeria 
WOKOMA.  K.  and I.E.  MARIOGHAE. 1996. Survival of Tilapia guineensis under conditions of low 
dissolved oxygen and low pH, p. 442-448. In R.S.V.  Pullin, J. Lazardi  M. Legendre, J.B. Amon 
Kothlas and 0.  Pauly (eds.) The Third International Symposium on Tilapia in Aquaculture. ICLARM 
Conf. Proc. 41,  575 p. 
Abstract 
Survival of Tllapla gulneensis acclimated to a sallnity of  10 ppt and a temperature of 29°C was 
assessed at dissolved oxygen (DO) levels between 5.05 and 0. IS  rng.1-', and low pH levels between 
3.5  and 2.0.  The lethal DO level was 0.18k0.12  rng.1''.  The routine metabolic rate of small flsh 
(1.410.8 g) was 734 mg.kg-I,hour" at high amblent oxygen concentrations (6.3*0.79  mg.1-I). For 
medium-sized flsh (10.6+3.0 g),  the routine metabolic rate was 293 mgkg-'.hour"l  at high amblent 
oxygen concentratlons and 47 mg-kg-'.hour-'  at low ambient oxygen concentrations.  For pH, the 
median lethal tlme (LT,,)  increased with pH  from  1.2 hours at pH 2.0 to 62 hours at pH 3.0. The 
critical medlan lethal pH was 3.3. 
Tllapla guineensis is  a  euryhaline 
substrate-spawning tilapia important in 
the lagoons  and estuaries  of coastal West 
Africa (Phillppart and Ruwet 1982). T, 
guineensls has continued to  attract at- 
tention as a  possible candidate for 
aquaculture in this environment (Payne 
1983). This has made  it imperative to 
study factors likely to  affect its survival 
under cultivation. 
Aquaculture in  this coastal and es- 
tuarine zone involves making use of  the 
prevalent acid sulfate soils and  coping 
with and controlling water parameters 
such as pH, dissolved oxygen (DO) and 
ammonia, all of which affect the health 
and growth of fish. In  addition, tradi- 
tional aquaculture involves creating and 
managing algal blooms. This provokes 
DO fluctuations in the water body (Boyd 
1990). Knowledge of lethal DO levels 
and oxygen consumption of  the cultured 
species helps pond management, but 
such  information  is  lacking  for  T. 
guineensis. We therefore studied the 
pH and DO tolerance of  T.  guineensis, 
and Its rate of oxygen consumption in 
relation to  size and ambient oxygen. 
Materlals and  Methods 
A  total  of  150 fish  (size  range 
0.01-25.0 g),  out of a sample of  200, 
were used for the experiments. All fish 
were obtained  from a  pond in  the brackishwater fish farm of  the African 
Regional Aquaculture Centre at Buguma 
in the Eastern Niger Delta, Nigeria. Pre- 
valllng physicochemical parameters In 
the pond water at the time are presented 
in Table 1. The fish were kept in creek 
water in  a plastic pool (pH 6.620.59, 
DO 6.8 mgel-' and salinity 10.2+ 1.8  ppt: 
means and standard deviations) for a 
minimum of 24 hours without feedlng, 
prior to  usage. 
Low pH  Experiments 
Two experimental  procedures were 
adopted. In  the first, 10  fish of  differ- 
ent sizes were abruptly transferred to 
aerated water at a particular pH, and 
left there until they died. 
For the second procedure, water with 
a particular pH and DO, held in a raised 
90-1 reservoir, was made to flow through 
the chamber containing 10 fish, at 60 
ml per minute. At that rate, the reser- 
voir water could sustain the experiment 
for a day before being recycled. 
For both procedures, the desired pH 
was obtained by mixing small amounts 
of  sulfuric acid into the test medium: 
read from a LITMAX  pH  meter model 
cp-20 and checked with litmus paper. 
The time to  mortality was recorded for 
each fish.  Fish  were considered dead 
when the  opercular beat ceased and the 
fish failed to respond to  touch stimuli. 
The experimental procedure was as 
described by Alabaster and Lloyd (1980) 
and Mohamed and Kutty (1987). 
Lethal Oxygen Levels 
Test fish were placed singly in a sealed 
respirometer (1,155  ml or 300 ml). The 
fish reduced the oxygen content of the 
water until it became asphyxiated (Kutty 
1972). The lethal (asphyxial) oxygen 
concentration was determined directly 
from the water through a probe con- 
nected to an oxygen meter, and con- 
firmed by titration  using the unmodi- 
fied Winkler technique (APHA  1975). 
The experiment was terminated when 
all movements of the test fish ceased. 
Oxygen Consumption 
T. guineensis of  sizes ranging from 
0.5  to 14.4 g were used. Fish were con- 
fined individually in a sealed respirometer 
and depleted the oxygen in the water. 
The oxygen content of the medium was 
monitored every 30 minutes by oxygen 
probes until the fish  became asphyxi- 
ated. 
Results 
Low pH Experiments 
The relationship between resistance 
times and Ash  mortality can be represented 
by a series of  sigmoidal curves, repre- 
senting resistance times against fish 
mortality (Fig. 1  ). These curves are dis- 
placed to the right with increase in the 
pH of the medium. The upper flexion points 
on the curves denote  the tlmes to  death. 
The times to 50% mortality are indlcated 
by the broken line, and the values plot- 
ted are 75 minutes at pH 2.0, 145 min- 
utes at 2.5,420  minutes at  2.7 and 3,695 
minutes at 3.0. 
There is, however, a very close rela- 
tionship between acid pH and LT,,  (Fig. 
2): LT,,  increases until the pH becomes 
too high for 50% mortality to  occur in 
the experimental time frame. 
Assessment of Lethal DO 
Concentratlon 
Fig. 3 shows the relationship between 
asphyxial dissolved oxygen concentra- 
tion and the weight of  the fish. Though 
smaller fish had a higher asphyxial level Table  1. Characterlstlcs of the pond water from which test fish (Tilapia gulnecnsis) were 
obtained and of the acclimation media. The values given are means and standard devlations, 
or ranges. 
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Time to  death (rnins.)  Time  to death  (days) 
Fig.  1. Time  to death of  Tilapia guineensis juveniles  (acclimated to pH  6.6  bracklshwater)  In vari- 
ous  low pH media. Median time to death  (logiminutes) 
Fig. 2. Relatlonshlp between pH and median lethal time (LT,,)  For  juvenile  Tilapia guineensis. 
I  I  I  I  I 
0  5  K)  15  20  25 
J 
Weight  of fish (q) 
Fig. 3. Asphyxlal oxygen  concentration 
in relation to weight for  Tilapia guine- 
ensis. (Each plotted point is a mean of 
two observations.) (0.35-0.4 mg.1-I), the mean asphyxia1 
level  (kSD) for all fish was  O.l8*O. 12 
rng.1-l . 
Oxygen Consumption 
Analysis of data from this series of 
experiments showed that, generally, 
there was a  decrease in  oxygen con- 
sumption as  the ambient oxygen level 
of  the medium fell, up to the point of 
asphyxiation when the oxygen consump- 
tion  became inadequate to sustain 
metabolism. 
Fig. 4 shows that the rate of  oxygen 
consumption decreased with the increase 
in the  weight of fish, thus small fish had 
a higher consumption rate than larger 
Fish. Bigger fish, of  course, consume more 
oxygen per unit time than small fish. 
Fig. 5 shows the relationships between 
oxygen consumption and fish weight at 
normoxic and hypoxic levels. 
Survival of  T. gulneensls at Low pH 
From our results, it is clear that all pH 
values below 3.0 are lethal to 7: guheensis, 
with  100°h mortality in  all cases. At pH 
3.0, however, survival can be as  high as 
40%, rising to  70% at  pH 3.3  and to 100% 
at pH  3.4.  Therefore, pH 3.3 may be re- 
garded as  the inclplent lethal pH, nt which 
the medium becomes unsuitable for the 
fish, whereas pH 3.3 to 3.5 correspond 
to a tolerance zone. Alabaster and Lloyd 
(1  980) believed that It was "unlikely that 
any fish can survive for more than a few 
hours in this pH zone" (3.0-3.5).  Balarin 
and Hatton  (1979) also gave the lethal 
pH for tilapia as  approximately 3.5. With 
100%  survival at pH 3.4, Z  guineensis 
appears to be quite resistant to low pH, 
and should cope with any acid conditions 
that may be generated within ponds. It 
1 
Log weight of  fish 
Fig, 4. Log-log  relatlonship 
between oxygen consump- 
tion of  Tilapia guineensis and 
fish weight at various  ambi- 
ent oxygen concentrations. (Each 
plotted polnt is a mean of two 
observations.) Normoxic 
YE  0.3046tO.6r  .@7  ' 
0 
k 
r * = 0.942 
Hypoxlc 
Y = 0.237  + 0.496  x 
Flg. 5. Log oxygen consumption (rng.hour-')  In relation to log weight of Tiiapia guineensis under 
(normoxic and hypoxic) oxygen conditions. (A polnt represents the mean of two observations.) 
is, however, not clear to  what extent prior 
acclimation to the fairly low pH of the 
ponds (4.33 to  4.68) may have contrib- 
uted to the good survival of  the test fish 
at low pH. Even so, For  40% of the test 
fish to have survived at pH  3.0 for one 
week is remarkable, and marks 7:  guineensis 
as one of the most resistant tilapia spe- 
cies to low  pH. 
Lethal  (Asphyxial) DO Levels 
The asphyxia1 DO  level of  0.18 rng.1.' 
obtained for  T. guineensis is well be- 
low  the 1.0 mg.1-' projected by Magid 
and Babiker (1975) as critical for most 
tropical fish, but is within the range found 
for  some other cichlids (Balarin and 
Hatton 1979; Philippart and Ruwet 1982). 
The survival of T.  guineensis at such a 
low  DO  level could be because this fish, 
like another estuarine tilapia, Oreochro- 
mis mossambicus, is capable of  anaero- 
biosis at very low DOs (Kutty 1972). 
From the point of view of the tropical 
aquaculturist, this makes the species very 
desirable for culture in  fertilized ponds 
where nighttime and early morning DO 
values can plummet catastrophically 
(Boyd 1390). 
Oxygen Consumption in Relation to 
Ambient Oxygen Concentration and 
Size 
The sigmoid curves (not shown) obtained 
for each test fish show that oxygen con- 
sumption increases with the level of am- 
bient oxygen concentration up to  a point, 
beyond which it becomes independent of 
oxygen concentration. Similarly, with re- 
duction of oxygen concentration, oxygen consumption decreases with lowered ac- 
tivity  (Fry  1957, 1971), beyond which 
anaerobiosis occurs, followed by asphyxia. 
The lowest metabolic rate for 7:  guineensis 
from this work was 46.6 mg-kg-'.hour2'+- 
16.5 g (n=8) which, according to Kutty 
(1987), appears to  be the closest value to 
the standard metabolism of the fish. 
From  our experiments, the rate of 
oxygen consumption in  T, guineensis 
is negatively correlated with unit weight. 
For  the comparison between oxygen 
consumption and fish  weights under 
normoxic and hypoxic conditions (Fig. 
S),  the slopes of  the lines (0.56  and 0.48) 
were not significantly different (ANOVA) 
and  are quite close to the value 0.5 
reported by Fry (1  97  1  ) for other tilapia 
species. 
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Abstract 
Many studies have shown the essential role of prolactln (PRL) In osrnorcgulation. When tilapia 
are transferred to hyperosmotic environments, an Increase Is observed In plasma ion concentrations, 
in the rate of ion turnover and in gill Na/K-ATPase activity. Plasma PRL  concentrations decrease. 
Hypophysectomy of freshwater fish causes an Imbalance In the hydrornlneral equilibrium leading 
to the animals' death. Supplements of PRL  allow their survlval by re-establishing the sodium net 
flux. In hyperosmotic environments,  hypophysectomy does not lead to the animals' death. In this 
environment, PRL  reduces sodium permeability and causes an increase in plasma sodium concentrations. 
PRL  seems to have an effect on chloride cells but does not decrease gill Na/K-ATPasc  activity. 
Stress related to anesthesia, to confinement or to the water's physicochemical characterlstlcs causes 
an increase in plasma PRL concentrations. 
Introduction 
The Ash of the genera Wapia, Saro- 
therodon and Oreochromis are  charac- 
terlzed by a great tolerance to a wlde 
range of  environmental conditions. They 
tolerate great temperature variations 
(Chervinski 1982) as well  as salinity 
(Dharmamba and Nishioka  1968  on 0. 
rnossamblcus; Fukusho 1969 on 0.  nilo- 
ticus) and some species known to be 
freshwater species are found in estuaries 
or in the sea (Stickney 1986).  The range 
of  tolerance also extends  to  water qua- 
Ilty: anoxia, pH and dissolved nitrogen. 
Efforts have been made to develop 
tilapia culture in marginal areas, such 
as  in brackishwater or in seawater (Payne 
1983).  However. the intensive develop- 
ment of  this farming system presents 
several difficulties. For example. species 
with a  high culture potential such as 
0. niloticus have low euryhalinity, while 
species with poor growth such as 0. 
mossambicus show  adequate  euryhali- 
nity. Consequently, Doudet (1986)  and 
Morissens ( 1987)  report high mortalities 
associated with low growth rates in 
tilapias that are or could be farmed in 
brackishwater  lagoons. These results, 
which show  the low resistance of  tilapias 
to salinity, contradict the laboratory 
findings. Environmental fluctuations dur- 
ing culture cycles, which are not repro- 
duced in the laboratory and which the 
animals must resist for long perlods of 
time (temperature, salinity and quality), 
could account for the observed differ- 
ences. In  order to understand these morta- 
lities, it is necessary to  analyze the influ- 
ences  of the environmental parameters 
on fish physiology, and especially on 
the endocrine control  of  osmore- 
gulation. Knowledge on the subject is 
still fragmentary (see review of Prunet 
and Bornancin  1889). 
This paper is  limited to the study of 
prolactin  (PRL), and reviews both the 
major bibliographic data and our spe- 
cific results about this hormone and its 
role in osmoregulation. 
In  tilapia, prolactin is  found in  two 
forms (Speclter et al.  1785: Rentier- 
Delrue et al.  1989) which are synthe- 
sized by two distinct genes (Rentier- 
Delrue et al.  1989).  The complete se- 
quences of both  PRL  are well  known 
(Yamaguchi et  al. 1988; Rentier-Delrue 
et al.  1989). The heavier of  the two, 
PRL-I  (24  ItDa, 188 amino acids) contains 
1  1 more amino acids than the other, 
PRL-I1 (20  kDa, 177  amino acids). 
Changes In  Some Physiological 
Parameters durlng the 
Adaptatlon 
of Tllaplas to Hyperosmotlc 
Envlronments 
Descrlptlve Analysis of  Some 
Parameters during the A daptatlon 
to a Hyperosmo  tic Environment 
In tilapias (0.  mossambicus)  adapted 
to  seawater, the plasma Na and plasma 
CI  concentrations, and the osmotic 
pressure are slightly higher (5  to 10Yo) 
than those of animals kept in freshwa- 
ter (Table 1) (Dharmamba et  al.  1973; 
Dharmamba et  al. 1775: Dange 1985; 
Young et al.  1788). In  0. aureus, the 
direct  transfer  from  freshwater  to 
brackishwater (14  ppt) results in an in- 
crease in plasma chloride levels, followed 
by a  rapid decrease. After three days 
Days after transfer 
Fig.  1. Changes In plasma CI. PRL-I and PRL-I1 levels 
in the adaptation of Oreochromis aureus to a brackish 
environment (14  ppt). Experiments  were conducted 
on animals of 70 g mean body weight. The samples, 
taken at different dates after the beginning of treatment, 
were always taken at the same hour. Each point rep- 
resents nlne anlmals. 0:  control animals In fresh- 
water;  A:  animals transferred from  freshwater  to 
bracklshwater (14 ppt). *:  Pc0.05; "  Pc0.01. 
in brackishwater, the chloremia of the 
animals  transferred  is  no  longer 
significantly different from that of the 
animals kept in freshwater (Fig. 1 ). 
The adaptation of 0.  mossambicus to 
brackishwater results in an increase in 
gill Na/K-ATPase activity as  shown either 
by  direct  measurement  (Table  1) Table 1. Effect of salinity on plasma Na and CI concentratlons, glll Na/K-ATPase activity, transbranchlal pa- 
tential and Na fluxes (Dharmamba  et al. 1973, 1975; Dan@ 1985: Young et al. 1988) in OremY~mlsm~bkus. 
Values are means + standard errors with numbers of determination in brackets. 
Environment 
Freshwater  1  /3 seawater  Seawater -- 
Plasma values (pEq.1.')  Na  158.5  k  2.2(12)  163.2  +  2.5(9)  163.8  rt  LO(1  1) 
CI  139.0  1.0(12)  149.5  rt  2.2(9)  146.2  +  l.7(1  1) 
NA/K-ATPase actlvlty 
of the microsomal fraction  5  0.112  2.8  rt  0.7(9)  3.5  rt  ON1  1) 
of gill epithelium 
(pmol of phosphate/hour~milllgram 
of proteins) 
Transbranchial potential 
(Int-Ext) mV  14.7  rt  1.8(3)  35.2  3 ?(3) 
Na flux  inflow  13.6  2.5(8)  116  +  29 (6)  746  +  79 (6) 
pEg  I00  g-'.h-'  outflow  8.4  rt  1.3(8)  123  *  56 (5)  1.651  +  17 1  (8) 
(Dharmamba et  al. 1975; DangC 1985; 
Young et  al. 1988) or by fluorescence 
measurements on the opercular mem- 
branes  using  fluorescent  ouabain 
(McCormick 1990). 
Finally, during adaptation to  seawater, 
the transbranchial  potential and the 
transepithelial potential, which are 
positive compared  to the external 
environment,  increase strongly in  0. 
mossambicus (Table 1  ) (Dharmamba et 
al. 1975;  Young et  al. 1988). 
Analysis of Ion Movements Involved 
in Plasma Ion VarJZltions 
Experiments were conducted on Na 
fluxes in order to  understand better the 
variations  observed  in  plasma  ion 
concentrations. In  0.  mossambicus 
reared  in  freshwater, the rate of  Na 
turnover is  0.15%.hour-' (Dharmamba 
et  al. 1973)  with a positive net flux of 
sodium (inflow). This Na turnover value 
increases to 26%.hour-'  in  animals 
adapted to  seawater (Dharmamba et al. 
1973). 
This increase in turnover in seawater 
can be explained by an increase in the 
sodium (and chloride) outflow at the 
gill level, which is  multiplied 10 times 
for diluted seawater (1  13 part) and 200 
times for  pure  seawater (Table  I) 
(Dharmamba et al. 1975).  The increase 
in CI  fluxes at the opercular membrane 
level is just as  strong in seawater (Ta- 
ble 2) (Foskett et al. 1981). 
In addition to  this modification in ion 
fluxes, the adaptation of 0.  mossam- 
bicus to seawater results In  reduced 
water permeability compared to  fresh- 
water fish (Potts et  al. 1967). 
Concomitance between Ion Movement 
Variations and Gill Cell Modlflation 
during Adaptation to a Hyperosmotlc 
Environment 
The increase in chloride excretion des- 
crlbed previously, and demonstrated by 
Foskett et al.  (1982), can be correla- 
ted to a modiFication of  chloride cells 
at the gill  and opercular membrane 
levels. These structures are rich  in 
chloride-excreting chloride cells (Foskett 
and Scheffey  1882). For  example, 
chloride cells  are small and poorly 
developed in freshwater, but in seawater Table 2. Fluxes of  measured under short-circuit current at the level of the oper- 
cular membranes isolated in Oreochromls rnossambicus adapted to different envi- 
ronments (Foskett et al. 1981  1 Values are means * standard errors with numbers of 
determlnatlon In brackets. 





they are rich in  mitochondria and show 
a well developed tubular system (seat 
of  the Na/K-ATPase activity) in connection 
with the basolateral membrane (Foskett 
and Scheffey 1982: Foskett et  al. 1982). 
Foskett et al. (1982) describe two pe- 
rlods In  the relationship between the in- 
crease in  chloride excretion and the modi- 
fications observed at the chloride cell 
level. The first period in the increase in 
chloride excretion, which lasts three days, 
seems to  be related to  an increase in  the 
number of chloride cells. The  second 
perlod In the increase of  excretion, noted 
after three days, seems to be due to  an 
increase in chloride cell diameter and, 
therefore, to  an increase in secretion in 
each cell. 
These electrophysiological and micros- 
copic studies allow us to  conclude that 
the increase in  transopercular ion  fluxes 
observed during  adaptation to  seawater 
are closely related to  an increase in the 
number of differentiated chloride cells 
which are responsible for the excretion 
of chlorides. 
Plasma Endocrine Parameters 
In  endocrine terms, the adaptation of 
0.  mossambicus  to  brackishwater results 
in  a decrease in  the circulating levels of 
prolactin. Such decrease occurs as soon 
as  salinity drops  10% below seawater 
salinity (Nicoll et al. 1981  ). 
Studies  conducted  on  0. aureus 
transferred to brackishwater (1  4 ppt) show 
that the drop in  PRL-I and PRL-I1 circulating 
levels occurs in 24 hours (Fig. 2) (RIA 
titration: AupCrin  et al.  1994). The 
evolution of both PRL-I  and PRL-I1 
plasma levels Follows the same pat- 
tern,  but the PRL-II concentration  is 
higher than the PRL-I concentratlon after 
two  weeks adaptation in  brackishwater. 
This seems to indicate a coordinated 
regulation of the secretion of both PRL 
forms. 
These results concur with the stud- 
ies conducted in  vitro on 0. mossam- 
bicus,  which show that the hypophyses 
of animals  reared in freshwater syn- 
thesize and secrete more PRL than those 
of  animals  reared  in  seawater 
(Nagahama et al.  1975: Grau et al. 
1981). 
Therefore, the adaptation of tilaplas 
to  seawater results in  a slight increase 
in plasma ion concentrations,  an In- 
crease in their turnover rate, an increase 
of the gill Na/K-ATPase activity and a 
decrease in plasma PRL concentrations. 
It also  results in an  increase  in the 
transmembrane potential which is held 
responsible for the passive Na outflow. 
Effectr of  Hypophysectomy 
and Prolactin Supplement 
in Animals Reared in Different 
Saiinity En vlronments 
The studies of Handin et al. (1964) 
and Dharmamba et al.  (1967) on hy- 
pophysectomized tilapias (0.  mos- 
sambicos) have shown that these ani- 
mals  were  unable  to  survive  in control  s-PRL I  ti-PRL- I  ti ;PRL-II 
I0  -~lg.g'  0.25  ~g-  9- 
Effects of the PRL treatments 
Fig. 2. Effect of sheep (s) or tilapia (ti)  PRL  treatments on the osmotic pressure (OP) and plasma Na concentrations 
in Nile tilapia (Oreochrom/s  nilaticus) adapted for  15 days to bracklshwater (20 ppt) at the time of the flrst 
injection.  PRL  was injected every other day,  1 hour after daybreak (12/12) with a total of four injections. 
Injected doses are:  sPRL:  10 pg.g-' OF  wet welght per injection; tiPRL:  0.25  pgg'  of whole weight per 
injectlon (ti PRL's I  and II were provided by F.  Rentler-Delrue). 
': P<0.05: **: PiO.01. 
freshwater, but that treatments using 
sheep prolactin  (sPRL)  allow  their 
survival. These first results have led to 
many other studies showing  the role of 
prolactin in osrnoregulation, 
Hypophysectomized  Animals 
Reared in Fresh water 
The culture of hypophysectornized 0. 
rnossambicos in a Ringer environment 
(isotonic  environment) allows the survival 
of  the animals. The transfer  to fresh- 
water causes 100%  mortality in  10  days 
(Dharmambn et  al. 1967; Dharmarnb 1970). 
These mortalities in freshwater are  due 
to  an imbalance of the hydromineral equi- 
librium, which results in  a continuous 
decrease in osmotic pressure (OP)  and 
in  Na  concentrations as  compared to 
the control animals reared in heshwa- 
ter or to  hypophysectomized  animals 
kept in Ringer (Dharmamba et al. 1947; 
Dharmamba 1970). 
The analysis of Na fluxes shows that 
the hypophysectorny of  tilapia transferred 
to  freshwater results in an inversion of 
the sodium net Flux: From an inflow to 
an outflow. This inversion is  due to a 
large increase in  the passive outflow and a decrease in  the inflow (Table  3) 
(Dharmamba and Maetz 1972). 
These results concur with the decrease 
in gill Na/K-ATPase activity, and in the 
decrease in  transepithelial  potential 
responsible for the passive Na outflow 
observed in hypophysectomized animals 
(Young et al. 1988). 
Hypophysectomized Animals Reared 
in Fresh water and Supplemented 
with Proiactin 
Daily injections of sheep  prolactin (1  0 
pg.g-'  of wet weight) in hypophysecto- 
mized 0. mossamb/cus allow the sur- 
vival of  these animals in freshwater for 
several days. The osmotic pressure and 
the plasma Na  concentrations in these 
animals are, based on the number of 
days of  treatment, slightly lower than 
or equal to those in  operated yet not 
hypophysectomized  control animals 
(Dharmamba et al.  1967; Dharmamba 
1970). 
Similar results were obtained with in- 
jections of tilapia PRL (PRL-I, PRL-I1 or 
a mix of the two forms) before the trans- 
fer of  hypophysectomized animals to 
freshwater. Thus these treatments allow 
the maintenance of  plasma Na  and CI 
concentrations, the OP, and the transe- 
pithelial potential in the control animals 
(Specker et  al. 1985;  Young et  al. 1988). 
Specker et al. (1985) did not observe 
any difference between the two forms 
of  PRL  in the retention of Na. 
The analysis of the Na fluxes in hypo- 
physectomized  animals transferred to 
Freshwater shows  that injections of  sheep 
PRL  in 0.  mossambicus reestablish a net 
inflow by decreasing the outflow, but 
do  not seem to act on the inflow (Ta- 
ble 3) (Dharmamba and Maetz 1972). 
Intact Animals in Hyperosmotic 
Environments 
In  tilapias (0.  mossambicus) adapted 
to  seawater, injections of sheep prolactin 
over a  period  of  five days produce a 
40 to 50% increase in  plasma Na  and 
CI  concentrations and an increase in 
osmotic pressure (Table 4)  (Clarke 1973; 
Dharmamba et  al. 1973;  Dharmamba and 
Maetz 1976; Herndon et  al. 1991). In 
0,  niloticus adapted to  the bracltishwater 
(20  ppt), injections of tilapia prolactin 
(PRL-I or PRL-II) also cause an increase 
in plasma Na  and CI  concentrations and 
in the OP (Fig. 2). 
This increase in  plasma Na  after the 
irfjections of  PRL  can be explained by 
a  modification  in  the hydrogen and 
sodium balance. For  example, the re- 
sults of Wendelaar Bonga and Van  Der 
Meij (1  981)  on tilapias (0.  mossambicus) 
adapted to  a calcium-poor, 9 ppt saline 
environment (isoosmotic) indicate that 
sheep prolactin  reduces the osmotic 
Table 3. Na Flux  (pEq. 100 g.'.h-') at the gill level in Oreochromls mossambicus after six  to seven days In 
freshwater: Effect of the hypophysectomy and the sheep PRL supplement (10 pg.g.',  one injection per day 
for flve days). Values are means ? standard errors (Dharmamba and Maetz 1972). 
-. 
Inflow  Outflow  Net Flux 
Whole animals (8)  13.63 + 2.49  8.43 + 1.27  +5.19 t 1.66 
Hypophysectornized animals (6)  5.58  2.83  21.56 + 3.18  -1 5.98 .+  2.32 
Hypophysectomized animals (7) 
+ NaCI (0.9%)  9.42 * 0.89  14.81 rt  1.35  -5.40 t 1.40 
Hypophysectomized animals ( 13) 
+ sPRL  (I  0 lr.q..qd')  9.87 + 1.24  8.74 + 0.94  +1.13 + 0.81 Table4. Ckmotkp~~~re(OP),  plasma Naconmtradonand  Na IrAowand  oudlw  (pEqbur'.IOOg')  In aclxh&s-mkrcus 
adapted to seawater. €kt  of the hypophysectorny and the sheep PRL  supplement (10 pg-g-I,  one InJectlon  per day for five 
days) (Dhamba  et al. 1973: ': Dharmarnba and Maetz 1976: and ":  Dharrnarnba et al. 1975).  Values are means +  standard 
errors wlth number OF  determinations in brackets. 
OP  Plsma Na  Inflow  outnow 
(rnOsrnol.1-')  concentretlon (pEq-I-')  (pLq.h-'.lOOg-')  (yEq.h-I-  l OOg  ') 
In seawater (5) 
Whole anlrnals In 
seawater + In]ectlons  294  A  9  161.7  +  2.5  739  t 
of NaCl (5) 
Whole anlrnals In 
seawater + lnjectlons  414  +I0  (7)  230.6  +  5.2 (7) 191  + 
of sheep PRL 
Controls In seawater (7)  153.6  +  4.8' 
Hypophysectomlzed  175.7  +  1.5' 
anlrnals in seawater (61 
Whole anlrnals 
water inflow and outflow at  the gill level. 
In the same  species adapted to  seawater, 
the increase in plasma Na after a sheep 
prolactin treatment causes 70 to 75% 
decrease in the Na turnover (Dharmamba 
et  al. 1973).  This coincides with the de- 
crease in sodium permeability (Young 
et  al. 1988)  which results in a fivefold 
reduction of the Na  inflow, and a four- 
fold reduction of  the outflow (Table 4). 
Under these conditions, the net outflow 
is  inhibited by 75Oh (Dharmamba et al. 
1975). 
These studies support the results of 
Foskett et  al. (1982)  which indicate that 
In  tilaplas (0.  mossambicus) adapted 
to seawater, sheep PRL  inhibits, in  a 
dose-dependent manner, the  excretion 
of  chloride and conductance at the 
opercular membrane level. Similar ef- 
fects are observed during injections of 
PRL From the rostrai pars distalis  of the 
PRL-rich adenohypophysis. 
Foskett et  al. (1982)  also suggest that 
the inhibition  of chloride (and conse- 
quently Na) secretion after an injection 
of  PRL  occurs due to a decline in  the 
population of  sodium-excreting chloride 
cells  and/or  a  decline in  the active 
transport to  the remaining cells. In fact, 
recent studies (Herndon et  al. 199  1 ) have 
shown that a  treatment using sheep 
prolactin inhibits chloride cell differen- 
tiation. For  example, the number of 
chloride cells at  the  opercular membrane 
level does  not vary, but the average size 
(diameter  and depth)  decreases. These 
chloride cells are therefore no longer 
in  contact with  both the external and 
internal  environments. The effect of 
prolactin  seems  to  be  to  inhibit 
hypertrophy and the differentiatlon of 
new chloride cells (Herndon et  al. 1981 ). 
Jointly, these results suggest that 
sheep prolactin inhibits the glll  Na/K- 
ATPase in animals adapted to  seawater 
(Dharmamba et al.  1973). However, 
under the conditions used by Young et 
al. (1988) (two injections to hypo- 
physectomized animals kept in  25% seawater), the two prolactin isoforms 
do  not change the Na/K-ATPase activ- 
ity. These results support those of Herndon 
et al. (1991)  (Table 5).  who did not observe 
any variation in the Na/K-ATPase  activ- 
ity after five injections of sheep prolactin. 
These two sets of  results (decrease 
In  the number of  chloride cells and 
absence of variation in the Na/K-ATPase 
activity) seem to be contradictory and 
suggest a complex effect of  prolactin 
on chloride cells. 
Hypophysectomized Anlmals in 
Hyperosmotic Environments 
Hypophysectomy performed  on 0. 
mossambicus reared in seawater does 
not significantly modify Na and CI  con- 
centrations as found in whole animals 
reared in the same environment (Table 
4) (Dharmamba and Maetz 1976), but 
it produces an inhibition of 50% of the 
Na  outflow (Dharmamba and Maetz 
1  976). 
Whatever the environment salinity, 
sheep  PRL  or its equivalent leads to  an 
increase in  OP  and plasma Na  and CI 
concentrations. But the action of pro- 
lactin on sodium movements seems  to 
be different depending on whether ani- 
mals are kept in  fresh- or seawater. In 
freshwater, prolactin acts only on the 
outflow, whereas in seawater, it reduces 
both inflow and outflow. 
These results suggest that the decrease 
in  plasma  PRL  concentrations is  a 
necessary  condition  to ensure the 
animals' survival and an optimal  salt 
excretion at the gill  level in  seawater 
animals. However, the effect of  hypo- 
physectomy  in  tilapias adapted to 
seawater, which leads to an inhibition 
in  the Na outflow, suggests that other 
endocrine mechanisms are involved. 
Effects of Stress 
on Prolactln  Levels 
Two types of stress must be distin- 
guished: stress related to  farming con- 
ditions (stocking  density, manipulation 
of the animals, etc.),  which causes modi- 
fications in  plasma PRL  concentrations 
in salmonids (Avella et al. 1991),  and 
stress related  to the physicochemical 
characteristics of  the environment (acidic 
pH, pollution  by  heavy metals, etc.) 
which causes an increase in hypophyseal 
prolactin cell activity in 0,  mossambicus. 
Stress belated 
to Farming Conditions 
Two types of  experiment have pro- 
vided the means to trace the plasma 
PRL-I  and PRL-I1  levels. In  0,  ni/ot/cus, 
an analysis of the following effects was 
conducted: 
Table 5.  Number and size OF  chloride cells at the opercular membrane level and gill Na/K-ATPase activity 
In Oreochromis mossarn.!?icus  adapted to seawater. Effect of the sheep(s) PRL  supplement (1  0 pg.g-I,  one 
Injection per day for  five days) (Herndon et al. 1991). Values are means  standard errors. 
Animals injected  Animals injected 
wlth NaCl  with s-PRL 
Number of chloride cells (cells.crn-')  6,979  k 1.825  7,499  +I ,258 
Slze of chloride cells (prnZ)  325  +  55  130  *  17 
Gill Na/K-ATPase 
activity (rnrnol ADP,mg,prot,hour.')  9.9k  1.4  11.0*  1.8 1 ) the effect of the sampling method: 
rapid sampling without anaesthesia upon 
release from the culture tank. This 
technique was used as  a control. Also 
a sampling of the animals after anes- 
thesia in 4 min (0.5  ml phenoxyethanol.1-' 
of water) or in  1  min (1 ml phenoxye- 
thanol.P1  of water): and 
2) the effect of  stress when animals 
t  (five fish in a 10x40~45  cm space) were 
confined in a reduced volume of water 
for 1 hour, then anesthetized in 4 min. 
PRL circulating levels (Fig. 3)  are higher 
(but  not significantly different) in animals 
anesthetized in  1 min than in  control 
animals. In  contrast, stressed animals 
(showing plasma cortisol concentrations 
[83.1~6.3  ngml-'I significantly higher 
than those in control animals 12.42  1.5 
ng.rnl-'1 or  animals anesthetized in 4 min 
(cortisol concentrations =  1 13.8k 10.6 
ngaml-'1) show  PRL circulating levels sig- 
nificantly higher than those of  control 
anlrnals. However, the increase in  PRL 
c'irculating levels in stressed animals is 
not significant when compared to  ani- 
mals anesthetized in 4 min. 
Environment-related  Stress 
The exposure of 0.  rnossambicus to 
acidic pH (pH 3.5) causes severe  stress 
leading to a continuous decline in the 
plasma osmotic pressure (Wendelaar 
Bonga et al.  1984).  This  reduction is 
accentuated  in  the first slx days after 
control  anesthesia  anesthesia 
(lml*l-1)  (~rnld-~) 
stress 
Fig.  3. Effect of anaesthesia and stress on plasma PRL-I  (bars with no shading) and PRL-II  (shaded bars) 
concentrations in Oreochromis niloticus. Anlmals were adapted to farming conditions for seven days. Two 
doses ~Fanesthetlc  (phenoxyethanol) were used. Stress was produced by confining the animals In a reduced 
space in the aquarium for  periods of  1  hour. a:  P<0.05 compared to control animals. the transfer, then a partial restoration 
occurs after 14 days. The authors de- 
scribe a rapid change (in 24  hours af- 
ter the  transfer to  an  acidic environment) 
in the ultrastructure of the  prolactin cells, 
and after 14 days, an increase in  the 
size of the rostra1 pars distalis, from 3  1  % 
to  47% of  the total hypophysis volume, 
suggesting an increase in the  synthesis 
and release of PRL. 
Subsequent to  a three-month adapta- 
tion in acidic pH (4.5),  there is  no longer 
any difference between  plasma Na 
concentrations in  animals adapted to 
acidic pH and those in the control animals 
(Flick et  al. 1989). 
These authors indicate that at the 
beginning of the experiment, the so- 
dium inflow is reduced by 55%  and the 
outflow by 70% of the value found in 
control animals. In  contrast, they de- 
scribe a  restoration of  the outflow af- 
ter 10 days. At the end of this period, 
the net flux reaches zero, while there 
is an inflow of 93 nmol,hour-'.g-'  in ani- 
mals with pH 7.0. 
These results support the observations 
made  previously, i.e., that the increase 
in  prolactin secretion observed in  the 
adaptation to acidic pH seems to be 
causing the  decrease in Na outflow ob- 
served in these animals. 
The effect of  cadmium pollution also 
causes a temporary decline in  plasma 
electrolytes as well as an increase in 
prolactin cell activity. But such an in- 
crease is only temporary, and it ceases 
when metallothionines appear in the  liver 
and the gills (Fu et  al. 1989: Pratap et 
al. 1989).  These detoxifying proteins 
apparently protect osmoregulating 
mechanisms against cadmium. 
Conclusion 
This study shows  that prolactin plays 
an important role in freshwater tilapias. 
It  is essential to  their survival because 
it reduced the Na outflow. On  the  other 
hand, the absence of  prolactin in ani- 
mals adapted to  a hyperosmotic envi- 
ronment also seems  essential, since this 
hormone causes a retention of the  plasma 
Na, which leads to  their death. In  this 
environment, prolactin acts by reduc- 
ing Na inflow and outflow. 
Incidents of  stress  (manipulation, con- 
finement, modification of  the quality of 
Farming conditions) lead to  a significant 
and rapid increase in plasma PRL levels. 
If  these factors also cause a  similar 
increase in  plasma PRL  concentrations 
in  brackishwater, it is likely that it will 
lead to  an imbalance of  the hydromineral 
equilibrium in  these animals. Such an 
imbalance, if it persists in a hypertonic 
environment, could cause death and 
could account for  the unexplained 
mortalities  in  some  cultures  in 
brackishwater lagoons. The hypothesis 
of  an  increase  in  plasma  PRL 
concentrations following environmen- 
tal  fluctuations during culture cycles 
should be studied further. 
References 
Avella, M.,  G.  Young,  P.  Prunet and C.B. Schreck. 
1991. Plasma prolactin and cortisol concen- 
trations during salinity challenges of coho salmon 
(Oncorhynchus  kisutch) at smolt and post-srnolt 
stages. Aquaculture 91  ~359-372. 
Auphrin.  B..  F.  Rentier-Delrue, J.A. Martial and  P. 
Prunet.  1994.  Evidence  that  two tilapia 
( Oreochromis niloticus) prolactlns have different 
osmoregulatory  functions during adaptation 
to  a  hyperosmotic  environment.  j.  Mol. 
Endocrinol.  12: 13-24. 
Jchervinski,  J.  1982. Environmental  physiology of 
tilapias, p. 119-1  28. In R.S.V. Pullin and R.H. 
Lowe-Mconnell (eds.)  The blology and culture 
of tilapias. ICLARM Conf. Proc. 7. 360 p. 
Clarke,  W.C.  1973. Sodium-retaining  bioassay of 
prolactin in the intact teleost mpia  mossambiu 
acclimated to seawater. Gen. Comp. Endocrinol. 
21:491-512. 
DangC, A.D.  1985. Branchial Na/K-ATPase activity 
during osmotic adjustments  in two freshwa- 
ter euryhaline teleosts, tilapia (Sarotherodon mos~amblcus)  and orange chrornid (Etroplus 
maculatus).  Mar. Biol. 87:101-107. 
Dharrnarnba. M.  1970. Studies of the efhcts of 
hypophysectomy and prolactln on plasma 
osrnolarlty  and plasma sodium in Tilapia 
mossarnblca. Gen. Comp. Endocrinol. 14256- 
269. 
Dharmamba. M. and R.S.  Nishioka. 1968. Response 
of  prolactln-secreting  cells  of  Wapia 
mossambica to environmental salinity.  Gen. 
Comp.  Endocrinol.  10:409-420. 
Dharrnarnba,  M. and J.  Maetz.  1972.  Effects of 
hypophysectorny  and prolactin on the so- 
dlurn  balance  of  7ilApia  mossamblca  in 
freshwater.  Gen. Cornp.  Endocrlnol.  19: 175- 
183. 
Dharmarnba, M. and J.  Maetz.  1976.  Branchial 
sodium  exchange  in  seawater-adapted 
Tilapia  mossarnbica:  effects  of  prolactin 
and hypophysectomy. J. Endocrlnol. 70:293- 
299. 
Dharrnarnba, M., R.I.  Handin, J.  Nand1 and H.A. Bern. 
1967. Effect of prolactin on freshwater survi- 
val and  on plasma  osmotic  pressure  of 
hypophysectornized Tllapia mossarnbica. Gen. 
Comp. Endocrinol. 9:295-302. 
Dharmarnba. M.. N. Mayer-Gostan, J. Maetz and H.A. 
Bern.  1973. Effects  of prolactin on sodium 
movement in Tllapla mossarnbica  adapted 
to seawater. Comp. Endocrinol. 21 :  179-187. 
Dharmamba,  M., M.  Bornancin  and J.  Maetz. 
1975.  Environmental salinity  and sodium 
and chloride exchange across  the gill of 
Ti/apia  mossambica. J. Physiol. (Paris) 70:627- 
636. 
Doudet. T.  1986. Prolet pilote de dCveloppernent 
de  I'aquaculture  lagunalre (ate  d'lvoire). Rapport 
annuel, Cent. Tech. For. Trop., Nogent-sur-Marne. 
France. 
Fllck,  G.,  J.A. Van  Der Velden,  H.C.M.  Seegers. 
Z. Kolar  and 1S.E. Wendelaar  Bonga.  1989. 
Prolactin cell activity  and sodlurn fluxes 
In tilapi,a (Oreochromis mossambicus) af- 
ter  long-term acclimation  to acid water. 
Gen.  Comp.  Endocrinol.  75:39-45. 
Foskett, J.K.  and C.  Scheffey.  1982. The  chlo- 
ride cell:  definitive identlflcatlon  as  the  salt 
secretory  cell In teleosts.  Sclence  2 15: 164- 
166. 
Foskett. J.K.. C.D.  Logsdon. T. Turner, T.E.  Machen 
and H.A.  Bern.  1981. Differentiation of the 
chlorlde extrusion  mechanism during sea- 
water  adaptatlon of a teleost  fish,  the cich- 
lid Sarotherodon mossambicus.  J. Exp. Biol. 
93: 209-224. 
Foskett,  J.K., T.E.  Machen and  H.A.  Bern.  1982. 
~hlorlde  secretion  and  conductance  of 
teleost  opercular  membrane:  effects  of 
prolactin. Am.  J.  Physlol.  242:R380-R389. 
Fu,  H., H. Pratap. R.A.C.  Lock and S.E.  Wendelaar 
Bonga.  1989.  Effect of cadmium on prolac- 
tln  cell  activity  and  plasma  electrolytes 
in  the  freshwater  teleost  Oreochrornls 
mossambicus.  Aquat. Toxicol.  14:295-306. 
Fukusho. K.  1969. The  specific difference of sali- 
nlty tolerance among cichlid Ashes  genus 
Tilapia and hlstological comparison of their 
kidneys.  Bull. Japan. Soc.  Sci.  Fish. 35:148- 
155. 
Grau, E.G.,  R.S.  Nishioka and H.A.  Bern.  1981. Ef- 
fects of osmotic pressure and calcium ion on 
prolactin release from rostra1 pars dlstalls 
of the tilapia Sarotherodon  mossambicus. 
Gen.  Comp.  Endocrinol.  45:406-408. 
Handin, R.I.,  J. Nandin and H.A.  Bern.  1964. Effect 
of  hypophysectomy  on survlval  and  on 
thyroid and interrenal histology of clchlld 
teleost,  7i/apia mossambica.  J.  Exp. Zool. 
157:339-344. 
Herndon, T.M., S.D. McCormick and H.A. Bern. 199  1. 
Effects of prolactin on chloride cells in oper- 
cular  membrane  of  seawater-adapted 
tllapla.  Gen. Cornp, Endocrinol.  83:283-289. 
McCormlck, C.  1990. Cortisol directly stimulates 
differentiation of chloride cells in  tllapia 
opercular  membrane.  Am.  J.  Physlol. 
259:R857-R863. 
Morissens, P.  1987. Projet de dCveloppernent de la 
pisciculture.  Rapport annuel, Cent. Tech. For. 
Trop.,  Nogent-sur-Marne.  France. 
Nagahama,  N..  R.S.  Nlshloka. H.A.  Bern and R.L. 
Gunther.  1975. Control of prolactin secre- 
tlon In teleosts.  with special  reference to 
Gillichthys  mirabills and Tllapia  mossam- 
bica. Gen.  Comp.  Endocrinol. 25: 166-  188. 
Nicoll,  C.S.,  S.W.  Wilson,  R.  Nishioka and H.A. 
Bern.  198  1. Blood and pituitary prolactin 
levels in tilapia  (Sarotherodon mossambi- 
cus). Gen.  Cornp.  Endocrinol. 44:365-373. 
Payne.  A.I.  1983.  Estuarlne  and salt  tolerant  tila- 
plas. p. 534-543, In L. Fishelson and Z. Yaron 
(comps.) Proceedings of the First  Interna- 
tional Symposium on Tilapia in Aquaculture, 
Tel  Aviv  University, Israel. 
Potts,  W.T.W..  M.A.A.  Foster,  P.P.  Rudy and G. 
Parry  Howells.  1967. Sodium and water 
balance  In the cichlld teleost.  Tllapla mos- 
sambica. J.  Exp. Biol. 47:461-470. 
Pratap,  H.B.,  R.A.C.  Lock and S.E.  Wendelaar 
Bonga.  1989.  Effect  of waterborne  and 
dietary  cadmium  on  plasma  of  teleost 
Oreochromis mossambicus  In relation to 
water  calcium  levels.  Arch.  Toxicol. 
18(4):568-575. 
Prunet, P.  and M.  Bornancln.  1989. Physiology 
of salinity  tolerance  in tilapia: an update 
of basic and applied aspects.  Aquat.  Living 
Resour. 2:91-97. 
Rentier-Delrue, F.,  D. Swennen, P.  Prunet. M.  Lion 
and J.A. Martial.  1989. Tilapia prolactln: molecular cloning of two cDNAs and expres- 
sion in Escherkhia coli. DNA8. 261 -270. 
Speclter, JL., D.S. King. R.S.  Nishiolca. K. Shirahata, 
K. Yamaguchi and H.A. Bern.  1985. Isolation 
and  partial  characterization  of  a  pair  of 
prolactins released in  vitro by  the  pitui- 
tary  of a  cichlid fish,  Oreochromis  mos- 
sdmbjcus. PNAS  USA  82:7490-7494. 
Stickney R.R.  1986. Tilapla tolerance of saline waters: 
a review. Prog. Fish-Cult. 48: 16  1 - 167. 
Wendelaar Bonga, S.E. and J.C.A. Van Der Meij. 1981. 
Effects  of ambient osmolarity and calcium 
on prolactin cell activity and osmotic water 
permeability of the yllls in the teleost Saro- 
therodon mossambicus. Gen.  Comp. Endocrlnol. 
43:432-442. 
Wendelaar Bonga, S.E.. J.C.A. Van Der Meij and G. 
Flick.  1984. Prolactin and acid  stress  in the 
teleost  Oreochromis (formerly  Sarothero- 
don)  mossambicus. Gen.  Comp.  Endocrinol. 
55:323-332. 
Yamaguchi.  K..  J.L. Specker.  D.S. King,  Y.  Yoltoo, 
R.S.  Nishioka, T. Hirano and H.A. Bern. 1988. 
Complete  amino  acid  sequences  of palr 
of fish (tilapia) prolactins, tPRL,,,  and tPRL,,,. 
J.  Biol. Chem. 263:91 13-9121. 
Young,  P.S.,  S.D.  Mc  Cormick,  J.R.  Demarest, R.J. 
Lin, R.S. Nishioka and H.A.  Bern. 1988. Effects 
of salinity. hypophysectorny and prolactin on 
whole-animal transepithelial  potential in the 
tilapia Oreochromis mossamfkus. Gen  . Corn  p. 
Endocrlnol. 71  ~389-397. Physiological Adaptation of Oreochromls nllotkus 
and 0. aureus to Salinitya 
M. AVELLA 
Laboratoire de  physiologie cellulaire et comparCe 
Universitg de Nice, Parc Valrose 
06  108  Nice Cedex 02,  France 
T. DOUDET 
Programme aquaculture et pCche 
Institut d '&/e  vage  e  f de  rngdecine vgtirinaire des pays tropica  ux 
Dgpartemen  t do centre de coop6ration in  term  tionale en recherche 
agronornique pour le d&  veloppern  en t (/EM VT/C/RA  D) 
C/O  CEMAGREF, B.  P. 5095 
34033 Montpellier Cedex  I, France 
AVELLA, M. and T.  DOUDET.  1996. Physiological adaptatlon of Oreochromls niloticus and 0.  aureus 
to salinity, p. 461-470. In R.S.V.  Pullin, J. Latard. M. Legendre, J.B. Amon Kothias and D.  Pauly 
(eds.) The Third International Symposium on Tilapla  in Aquaculture.  ICLARM Conf.  Proc. 41, 
575 p. 
Abstract 
Experlments in lvorlan lagoons on the tolerance of tilapias to brackishwater showed signlflcant 
differences among specles and hybrlds of Oreochromis, particularly in their survival rate. To document 
these dlfferences, the physiological adaptation to salinity was studied by choosing the species 
most tolerant to lagoon environment, 0. aureus, and the least tolerant. 0. nilotlcus. Thls study 
was conducted on populations From  CBte  d'lvoire (field strain:  FS)  and on a population of 0. 
niloticus of  the same orlgln: but cultured in laboratory conditions (laboratory strain: LS). The populatlons 
were transferred from freshwater  (FW) to brackishwater (BW) both progressively (FW+BW  10  ppt 
+BW 20  ppt) and rapidly (FW+BW 20 ppt+BW 30 ppt). Four parameters were used to assess the 
adaptablllty to  saltwater: mortality rate, plasma natremia, gill Na7/K+-ATPase  activity and the presence 
of glll Interlamellar chlorlde cells. 
Results showed that 0.  nlloticus (LS)  is the only strain to adapt rapidly to 30 ppt whlle 0. 
nlloticus (FS) had difficulties tolerating the progressive transfer to 20 ppt. However, such a transfer 
was well-tolerated  by 0.  aureus.  Plasma natrernla Increased (15%) in each strain only when the 
maximum level of salt tolerance was approached.  Mortalities occurred at  190 pM  natremla. Gill 
Naf/K+-ATPase activity was stimulated, but its klnetlcs was different from that of the natremia. 
Interlamellar chloride cells, apparently rare in  Freshwater, occurred after transfer to brackishwater. 
These cells were found in large numbers In 0. niloticus (LS) and 0. aureus. 
Based on the results, the following classlflcatlon was established for progressive adaptation to 
salinity: 0. niloticus (FS) < 0.  aureus (FS) < 0.  nlloticus (LS). A number of  hypotheses are derived 
from these findings. 
"A more detailed account  of this study.  including a description  of the gill ultrastructure,  has been 
published by M. Avella, j. Berhaut and M.  Bornancln.  1993. Sallnity tolerance of two troplcal fishes. 
Oreochromis aureus and 0.  niloticus. I. Biochemical and morphological change in the gill epithelium. 
J. Fish Biol. 42:243-254. Introduction 
Competition with agriculture over land 
use and water resources, and the will 
of  some African countries like  Benin 
(Morissens  et at. 1986)  and C6te d'lvoire 
(Doudet 1992) to use lagoon water- 
bodies, have encouraged the develop- 
ment of tilapia culture in brackishwater. 
In  effect, many tilapias show  a distinct 
euryhaline nature (Chervinski  1982; 
Payne 1983)  as  also described by many 
studies on the  species of African coastal 
areas (Daget and lltis 1965; Payne and 
Collinson 1983). 
However, high tolerance to salinity 
and high culture potential are not nec- 
essarily synonymous, as  highly euryhaline 
species respond generally poorly to 
profitability criteria in intensive produc- 
tion. This is  particularly true of  Oreo- 
chrornis  rnossambicus  although the same 
observation was  made in Sarotherodon 
melanotheron and  Wapia guin  eensls, 
both native species of West African la- 
goon environments (Legendre et al. 
1990). In  CBte d'lvoire, this situation 
has prompted the development of  a 
comparative program  of  species and 
hybrids of  the allochtonous  genus 
Oreochrornis to breed  a  tilapia for 
aquaculture in  lagoon environments 
(Doudet 1992).  Significant differences 
among species and hybrids have been 
observed, particularly in their survival 
(Table 1). 
As these differences could be ex- 
plained by the species' greater aptltude 
to  osrnoregulate in hypertonic environ- 
ments, a laboratory study on the  physi- 
ological adaptation to  salinity was  con- 
ducted using 0. aureus  and 0.  niloticus. 
These two species were selected because 
of their highly dissimilar survival in la- 
goon environments. 
The study consisted mainly in observ- 
ing the evolution of plasma sodium and 
gill  Na+/K+-ATPase activity as well  as 
the  morphological changes occurring in 
the gill  epithelia during-transfers  from 
freshwater to saltwater. 
Materials and Methods 
Biologlcai Materlai and A daptatlon 
Environments 
The  study  was  conducted  on 
populations of 0.  aureusand 0. niloticus 
transferred directly from Cat@  d'lvoire 
(field strains:  FS) and on a population 
of 0.  niloticus  cultured for several years 
at  the National Institute of Agriculture 
Table  1. Survlval (YO) of species and hybrids of Oreochrom/s observed during tests conducted  in 
lagoon environments in C6te d'lvolre. Maximum salinity; 15 ppt: mean temperature: 27-30.5°C: 
and duration of tests: 45-1 53 days (from Doudet 1992). 
Species or hvbrids 
Test 
number  Oa  On x Oa  Om x Ouh  Om  Ouh  On x Ouh  Om x  On  On 
In a single test. mean values wlth the same superscript letter do not differ significantly  (P>O.OS). 
Oa: Oreochromls aureus: On: 0.  n/lot/cus: Om: 0.  rnossarnbicus; and Ouh: 0.  urolepls hornorurn. Research (INRA) laboratory in Rennes, 
France  (originally from Boualw, Cate 
d'lvoire, then kept as  a laboratory strain: 
LS). In  C6te d'lvoire, the fish were main- 
tained at a  density of  9 g.1-' in  7-m3 
well water-fed PVC tanks. The animals 
were transferred at  different periods of 
the year to  the University of  Nice where 
they were maintained in  27'C  recircu- 
lated freshwater (FW) with an 8-9  hour 
photoperiod. Controls were stocked at 
a density of 3-1 2 g.1-l in rectangular PVC 
tanks. Cement tanlts (1  40-1) were used 
for the adaptation periods at a density 
of 3 g.1-I. 
The transfer experiments in brackish- 
water (BW) were conducted at differ- 
ent intervals after the  initial arrival of 
the fish at the laboratory:  15 days or 
three months later for 0,  niloticus LS, 
six months later For 0.  niloticus FS, and 
three months later for 0. aureus FS. 
The physicochemical composition of 
the freshwater in CBte d'lvoire was (mM): 
[Nitt]-220;  [K+]=30:  and [Ca++l=  125;  and 
in Nlce: [Na+]=  148;  [CIZ]=  1  16; [K+]=  14; 
[Ca++]=  1,585; and pH=7.89. 
The different brackish  environments 
were prepared using seawater from the 
Mediterranean (osm: 1,000  m Osm  1.'; 
salinity: 36 ppt) diluted with freshwa- 
ter. 
The study was conducted on animals 
of  approximately 30 g  mean body 
weight. These were transferred  to 
brackishwater either progressively or, 
whenever possible, rapidly. The trans- 
fer protocols and the sampling frequency 
for analysis are summarized in  Fig.  1. 
The animals were initially starved and 
were not fed throughout the experiment. 
Piasma Analysis 
Blood was taken from the caudal vein 
and centrifuged. The plasma sodium was 
measured  using an EppendorF flame 
photometer. 
GM  Na  */K+  -A TPase A ctivity 
After killing the fish, gills were irn- 
mediately removed, homogenized and 
placed  in  a  solution containing 1O0h 
sucrose  and  1 pM  dithiothreitol 
(pH=7.41).  Later, the preparation was 
successively centrifuged at  2,000  G for 
10  minutes, 11,500 G for 30  minutes 
and finally 30,000  G  for 30 minutes. The 
microsomal actlvity level was determined 
Oreochromis aureus  field straln 
Oreochmmls nllotlcus  fleld straln 
Oreochmmis niloticos  laboratory strain  Ormchmmis nibticus  laboratory straln 
I 
Day 6 " 
I 
"  : sampling pmcedure for analyule 
Flg.  1. Protocols for  trans- 
ferring tllaplas Is from  fresh- 
water  (FW) to  bracklshwater 
(BW). by assessing differences between the 
quantities of inorganic phosphate re- 
leased by the membrane preparation ob- 
talned in  the presence or absence of 
ouabain at 1  0-3  M. These measures were 
done  using a TECHNICON auto-analyzer 
following the methods described by 
Bornancin and de  Renzis (1976). 
Morphologlcal Study 
For the light microscopic study, small 
glll  fragments, collected  immediately 
after killing the fish, were Fixed  in the 
Charnpy-Maillet solution (Maillet 1959) 
for  abrrut 10  hours after which they were 
rinsed and dehydrated. This  fixative, 
which allows an excellent preservation 
of the tissues, stains chloride cells black 
by  reduction  of  osmium tetroxide on 
membrane phospholipids. Since chlo- 
ride cells possess a highly developed 
endoplasmic reticulum and a  largely 
invaginated plasma membrane, they are 
easily stained (Garcia-Romeu and Masoni 
1970). 
Statist/caI Analysis 
One-way ANOVA was used to inter- 
pret the results and mean values were 
compared in sets  of two using the small- 
est significant difference method. 
Results 
Tolerance to Salinity 
0.  niloticus FS  showed the poorest 
adaptability to salinity (Table 2). This 
strain had difficulties tolerating a pro- 
gressive transfer in  10  ppt brackishwater 
(10Vo mortality) and In  20 ppt (65Oh fi- 
nal mortality rate), and does not toler- 
ate  rapid transfer FW+BW  20 ppt (1  00% 
mortality). No mortalities were observed 
For  either 0.  aureus FS  and 0. niloticus 
LS  when transferred progressively. How- 
ever, 0.  aureusdid not adapt when trans- 
ferred rapidly from FWj  BW  20 ppt 
(1  00% mortality) while 0. niloticus LS 
easily tolerated this transfer and could 
even tolerate a transfer to  water up to 
30 ppt salinity (25% mortality). 
When the fish were kept in  freshwa- 
ter for a long time, all strains showed 
constant levels of plasma Na',  but these 
levels were always lower in 0.  aureus 
(1  44.1 s2.l;  n= I 1 ) than in 0. niloticus 
(1  60.7i2.3; n= 19)  regardless of the ori- 
gin of the strain (Fig. 2). For 0. niloticus 
LS,  the rapid  increase of  external sa- 
linity to 20 ppt did not modify  the 
natremia which increased significantly 
Table 2.  Mortality of Oreochromls aureus and 0.  niloticus during transfers from freshwater 
(FW) to brackishwater  (BW). FS  = field strains; LS  - donating strain. 
Mode of transfer  0.  aureus FS  0.  niloticus FS  0. niloticus LS 
FW3BW 10 ppt+ 20 ppt  0  6  5  0 
(6  days)  (7  days)  (n- 16)  (n= 14)  (n=  1 5) 
FW+BW  20 ppt+ 30 ppt  100  100  2  5 
(2  days)  (4 days)  (n-1 1)  (n=  10)  (n-20) 
n: initial number of fish studied. Em 
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Fig. 2. Changes In 
physiological pa- 
rameters in Oreo- 
chromls niloticus 
laboratory  strain 
(LS)  and  field 
straln (FS),  and 0. 
aureus FS during 
transfers  from 
freshwater (FW) to 
brackishwater 
(BW):  plasma 
natremla.  The 
number of experi- 




ues  significantly 
different  from 
controls  for  PC 
0.05 and *'  for PC 
0.00  1. 
(+  13.5Oh) only after a transfer to 30 ppt. 
For  0.  aureus FS,  the progressive in- 
crease in salinity produced a temporary 
rise (+  12.5%) in  plasma Na+ at 10 ppt, 
but these levels returned to normal dur- 
ing transfer to 20 ppt. Finally,  in  pro- 
gressive transfer to 20 ppt, natremia 
levels in  0. niloticus FS  were sharply 
increased (+  18.8%). 
GPIl Na+/K+  -A  TPase A ctivity 
Enzyme activity, measured only in 0. 
niloticus LS  and 0. aureus FS, appeared 
twice as low in freshwater in the latter 
species (Fig. 3).  The effects of progressive 
transfer from FW+  BW 10 ppt+ BW  20 
ppt on enzyme activity were similar in 
these two strains. Enzyme activity was 
stimulated significantly only during trans- 
fer from  BW  10 ppt3  BW  20 ppt by  a 
factor 1.6 for 0. n/loticus and by a fac- 
tor 3 for 0. aureus. The rapid  transfer 
From FW+BW  20 ppt3BW 30 ppt, pos- 
sible only for 0.  nilotkus LS, had a tem- 
porary stimulating effect (by a factor 2 
after four days) on gill enzyme activ- 
ity, which returns to normal after a week. 
GIII Morphology 
In freshwater, regardless of the spe- 
cies or strain studied, lamellar chloride 
cells (CC) are absent (secondary lamella) 
and interlamellar CCs were rare (primary 
lamella) (Fig. 4A). During  transfer to 
brackishwater, the following was ob- 
served in 0.  ni/or/cos LS: 
- a  significant  occurrence  of 
interlamellar CCs at 10 ppt (Fig. 4B); 
- an  increase  in  the number  of 
interlamellar CCs at 20 ppt (Fig. 4C): 
and 
- a stable number of interlamellar CCs 
at 30 ppt  (Fig. 4D). 
The same morphological development 
was observed in  0.  aureus FS,  but the 
increase in  the number OF CCs seemed 
lower than in  0.  niloticus LS when the 
external salinity was 20 ppt. Finally, a 
small number of  CCs was observed in 
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Flg. 3. Changes In  physlologlcal parameters In Oreochromis n/lot/cus  laboratory strain (LS) and 0. 
aureus  FS durlng transfer from freshwater (FW) to bracklshwater (BW):  Na4/KT+-ATPase  actlvlty. 
The  number of experlrnents Is lndlcated between parentheses. Statlstlcal cornparlsons: values slgnlflcantly 
different from controls " for  P<0.05 and ** for  P<0.001. Flg. 4. Morphology OF the  gill epi- 
thellurn of Oreochromis nilotlcus 
laboratory straln (LS) during transfer 
from freshwater  (FW) to brackish- 
water (BW).  Observatlons made by 
light rnlcroscopy (~330).  A: fresh- 
water; B: brackishwater at I0 ppt: 
C:  brackishwater  at  20 ppt; 0: 
brackishwater at 30  ppt after four 
days  of  adaptation.  PL:  prlrnary 
lamella: SL: secondary lamella: and 
CC: chloride cell. Dlscusslon 
Mortality rates observed here during 
the progresslve transfer from FW+  BW 
10 ppt +  BW  20 ppt clearly indicate a 
much hlgher tolerance to  salinity in 0. 
aureus than in 0. niloticus for the two 
stralns transferred directly from Cbte 
d'lvolre. These findings support the re- 
sults of studies  conducted in lagoon en- 
vironments (Doudet 1992), as well as 
in laboratory conditions (Watanabe et 
al..  1985) and in natural environments 
(Payne and Collinson  1983). None of 
these two strains survived a direct trans- 
fer to  20 ppt without a preacclimation 
at 10 ppt. This step is therefore neces- 
sary to reduce osmotic stress. 
The gill  morphology of  freshwater 
tilapias resembles that of other fresh- 
water stenohaline fishes. However, trans- 
fer to  brackishwater caused a proliferatlon 
of interlamellar CCs as  salinity increased. 
Thls morphological change is similar to 
that observed in euryhaline fishes trans- 
ferred to  seawater (Maetz  and Bornancin 
1975) a prioripointing to  a real potential 
For  adaptation to external salinity in- 
creases since interlamellar CCs are in- 
volved in the excretion of seawater salt 
(Maetz and Bornancin  1975). Moreo- 
ver, Foskett et  al. (1  981) observed the 
development of  typical  CCs  on 0. 
mossambicus'opercular membranes dur- 
ing acclimation to  seawater. These au- 
thors first  noticed an increase in  the 
number of CCs during the first three days 
following transfer in seawater, then they 
observed an hypertrophy of these cells. 
If the increase in the number of CCs 
is  associated with the adaptability to 
brackishwater, our results show a greater 
cell development in the species or strains 
which best tolerate the increase in sa- 
linity, i.e., 0. niloticus and LS and, to 
a lesser extent, 0. aureus FS. 
In 0.  niloticus and 0.  aureus, the in- 
crease in salinity, particularly the transfer 
to 20 ppt, Is  accompanied by a stimu- 
lation of gill enzyme activity. Thls sup- 
ports the results of  studies on other 
euryhaline  fishes  (de  Renzis  and 
Bornancin 1984), especially 0. mossam- 
bicus (Dange 1985). As Na+/K+-ATPase 
is  responsible for the excretion of 
seawater salt (Foskett et al. 198  1 ), an 
increase in its activity occurs with the 
increased number of CCs. This response 
to osmotic shock thus contributes to 
osmoregulation. The gill structures ob- 
served in freshwater prove therefore to 
be functional in brackishwater. The values 
of the enzyme activity measured dur- 
ing this study (between 5 and 34 pmol 
Pi/h.mg of proteins) are within the range 
of  available data on tilapias, i.e.,  1.5 
(Dharmamba et  al. 1975), 14.4 (Ho and 
Chan  1980) and 66  pmol  Pi/h.mg  of 
proteins (Balm et al. 1988). The differ- 
ences observed could result either from 
the sample preparation method or pertain 
to the species studied, the values re- 
ported In  freshwater during this experi- 
ment being for example twice as high 
in 0. ni/oticus than In  0. aureus. 
Foskett et  al. (1  981  ) saw  a strong  cor- 
relation  between the increase In  the 
excretion of  salt and the proliferatlon 
of  CCs.  This can be explained  by  the 
presence of a larger number of enzyme 
sites (Thompson and Sargent 1977) lo- 
cated at the level of the interlamellar 
CCs  baso-lateral  membranes (Karnaky 
1 980). 
During the progressive transfer to 10 
and then to 20 ppt, the increase in en- 
zyme activity was accompanied, for the 
two strains that were perfectly accli- 
matized, either by a  stable or a  tem- 
porarily fluctuating natrernia. However, 
following direct transfer to 30 ppt, the 
increase in natremia in 0. niloticus LS 
was associated with a very important 
increase (by a factor 3) in  the Na+/K+- 
ATPase activity. Dharmamba et  al. ( 1975) 
showed an interesting parallel between the evolution of  the gill  Nat flows and 
the  Na+/K+-ATPase  activity  in  0. 
mossamb/cus. For  euryhaline species. 
it would appear that it is  the rate of 
plasma Na+  which stimulates  enzyme  syn- 
thesis (Valverde et al.  1982). For  0. 
ni/oticus FS,  a strain adapting particu- 
larly  poorly to salinity, transfer to 
bracklshwater was accompanied by  a 
marked increase in natrernia ( 190 pM) 
which was  certainly responsible for the 
high mortality observed. 
The differences observed between 
these two sources of 0. n/loticus were 
unexpected, with regard to  survival and 
the physiological or morphological 
changes. Several hypotheses can be 
proposed to  explain thls situation. Breed- 
ing numerous generatlons from an inl- 
tially limited number of animals in labo- 
ratory conditlons can lead to genetic 
drift. lntraspecific variability has been 
reported in the adaptability to salinity 
in  Oncorhynchus mykiss (Leary et al. 
1  98 1  ), and Pora ( 1960)  and Kiener ( 1978) 
have shown in  Leander  squllla  and 
Aphanus  fascia tus, respectively, that 
many  populations  are  adapted  to 
biotopes characterized by waters with 
different ion concentrations. Moreover, 
the aptitude of animals to adapt to 
brackishwater might depend upon the 
quality of  their orlginal freshwater (in 
spite  of the fact that the fish were kept 
in the laboratory For  several weeks to 
several months). Studies by Avella et 
al.  (1  987) on Oncorhynchus mykiss 
showed that the term "freshwater" in 
fact covers different situations in terms 
of pH.  Na',  CI- or Ca++  for the adapta- 
tion of  the fish. When fish are exposed 
to  freshwater with different ion concen- 
trations for  long periods of time, changes 
in  the gill  tissue morphology as well 
as In  the epithelium physitlogy occur, 
which could condition the subsequent 
adaptability to brackishwater. 
A further hypothesis could be  that an 
animal, cultured in CBte d'lvoire in con- 
ditions close to its original natural en- 
vironment (0.  nilotlcus FS), could hardly 
tolerate transfer to  and prolonged cap- 
tivity in  laboratory conditions (physi- 
cal, chemical, chronic stress, different 
feeding habits, etc.) and would there- 
fore be weakened, which could,explain 
a decrease in  its adaptabillty to  salin- 
ity. 
In practice, a phase of preacclimation 
to 10 ppt sallnity seems to be neces- 
sary for freshwater tilapia strains used 
in Cbte d'lvoire before transfer to  a higher 
salinity. Moreover, changes In morpho- 
logical  and physiological parameters 
show  that these parameters can be used 
as indicators of  potentlal adaptation to 
brackishwater by observing the gill struc- 
ture, the plasma sodium or the gill Na+/ 
K+-ATPase  activity (Avella et  al. 1993). 
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Abstract 
This paper describes the technical and economic efficiency of tllapla aquaculture in small ponds and 
ditches in Trishal. Fulbarla and Mymensingh thanas (village units). Bangladesh. Sample surveys of 11  3 and 
46 farmers were used in  estimating linear and log-linear (Cobb-Douglas) production Functions, respectively. 
Results from the linear model which gave the better fit showed that the rate of Fingerling  stocklng and the 
use of rice bran have significant effects on tllapla production. This model also indicated that there were 
different productivities across locations and pond sizes. Estimates also indicated that the current rate of 
stocklng, inorganic fertilizer application and feedlng of rice bran were below optimum levels. Increased use 
of commerclal  inputs, as  suggested by the economic efficiency criteria, may not be reallstlc given the 
subsistence nature of these tilapia farms. Assured avallabllity of commercial inputs and cash are prerequisites 
to exploit further productlon and income from tilapia aquaculture by these small-scale farmers. 
Fish is an  important source of dietary animal 
protein for the rural farming population of 
Bangladesh. The  bulk OF fish at  present wmes 
from capture of wild fish from vast floodlands 
and rivers. Culture of fish in  the sense of 
regular  stocking  and  harvesting  for 
consumption and sale is not a very common 
practice among farm households, although 
the country has 1.3  million ponds of about 
147,000 ha that are potentially available 
for such practices. Only 46% of  the ponds 
or  about 52% of the area are currently stocked 
with fingerlings. Eighty  percent of  these 
'ICLARM Contrlbutlon No. 967. 
ponds receive no preparation prior  to 
stocking of fingerlings; 92% are never 
fertilized (World Bank 1991).  Polyculture, 
using Indian major carps together with 
recently introduced Chinese and common 
carps, has been the major aquaculture 
technology proven suitable only in ponds 
which are relatively large in size and have 
perennial water supply. 
Research  and  extension  currently 
emphasize improving culture practlces 
in ponds that are suitable for polyculture. 
but around  14% of  the ponds in  the 
country  are small  and have seasonal 
water supplies. There are thousands of 
ditches, roadside canals and borrow pits 
which could be used for culture of  fish with 
a short growing cycle, such as the Nile tilapia 
(  Oreochromis  ni/oticus) (Gupta et  al . 1992). On-station  and on-farm  farmer partici- 
patory research have produced a simple 
technology for the  culture of Nile tilapia in 
seasonal ponds and ditches of the type to 
which millions of  rural  households have 
access. With collaboration of  NGOs,  the 
technology was transferred to  several thanas 
(village units) of Mymensingh, Tangail and 
Norshingdi  Districts (Gupta et al.  1992). 
Simple and inexpensive management 
practices requiring minimal  inputs for 
pond  preparation  and  poststocking 
feeding and  fertilization  were easily 
adopted by  the farmers. 
Aside from stocking materials (finger- 
lings), other production  inputs that are 
presently used  by  the operating farm- 
ers include organic manure (e.g., cattle 
manure), inorganic fertilizers (e.g., urea 
and  triple  superphosphate)  and  rice 
bran.  Positive benefits of  the technol- 
ogy on the farm  households in  terms 
of  income and nutrition have also been 
reported: an average of  343% return 
on investment after four to five months 
rearing of fish  in  seasonal ponds and 
ditches (Gupta et al.  1992). 
The objective of this paper is  to ex- 
amine  the  technical  and  economic 
efficiency of  current use of inputs for 
tilapia culture in small ponds and ditches 
operated by  rural  households. 
Materlals and Methods 
Cross-sectional input-output data on pond 
culture of 0. nifoticus in  Trishal, Fulbaria 
and Mymensingh thanas in Bangladesh were 
used. The survey interviews were conducted 
as  part of the ICLARM-assisted Bangladesh 
Agricultural Research Project funded by the 
US Agency For  International Development. 
The data, collected in  July 1990, covered 
the past year's production  period. More 
details on the  selection of the thanas, pond 
characteristics, management practices, in- 
come from tilapia culture, and the assess- 
ment and attitudes of farmers to  the  tech- 
nology can be found in Gupta et  al. ( 1 992). 
The hypothesized production function 
model was specified as: 
Y=f(X,  -..  X,) 
where: 
Y=yield of tilapia (kg.m-z); 
X,=pond age (years); 
X,=no.  of fingerlings stocked per m2: 
X,=quantity  of inorganic fertilizer (urea 
and triple superphosphate FSP])  applled 
(gm-2); 
X,=quantity  of  organic manure (cattle 
manure) applied (g.m-2); 
X,=quantity  of feed (rice bran) applied 
(gm-'1; 
X,=production  cycle (days); 
X,=pond  size (m2);  and 
X,=water  retention (days.year7j). 
Two algebraic forms of the production 
function were estimated to  determine the 
influence of inputs and/or factors on fish 
yield from small waterbodies utilized  for 
tilapia aquaculture. These are: 
(1) Linear 
(2)  Cobb-Douglas 
where a,  8,, ... B,  are the production 
coefficients that were estimated. 
To  reflect the influence of  locations of 
ponds and water quality on tilapia yields, 
dummy variables (D,,  D, and D,)  were also 
included, such that: 
D,= 1 if the ponds are located in Trishal; 
zero,  otherwise; 
Dl=  1 if  the ponds are located in Fulbaria; 
zero, otherwise: and D,=  1 if the pond water is turbid; zero, if 
the pond  water is greenlbrown. 
In the linear formulation (1) the  I3 coeffi- 
cient  represents  constant  marginal 
productivities  of  individual factors or 
inputs. 
In  the Cobb-Douglas formulation (2). 
the sum of the coefficients will  indicate 
returns to scale. Constant returns to  scale 
(ER=I) means that doubling all inputs will 
result in doubling the output. A value of 
ER> 1 implies that doubling all inputs would 
result in  more than doubling the output, 
and conversely for ZB<l. 
Economic Efficiency 
of  Production Inputs 
The economic efficiencies  of pro- 
duction  inputs were determined  by 
equating the marginal  physical  prod- 
ucts of  the inputs with their  respec- 
tive input-output  price ratios. Tilapia 
producers  are said  to be economi- 
cally efficient when the value of  the 
t 
marginal  physical  product of  an in- 
put is  equal to the input-output price 
ratio.  Algebraically, 
MPPx,=Px,/Pyor 
(MPPx,)  (Py)=Px,  or 
VMPx,=  Px, 
where: 
MPPx,-marginal  physical product of  the 
input i; 
Px,=price of input i; 
Py=price of output or tilapia: and 
VMPx,=value of  marginal product of  input 
i. 
If the MPPx, is greater (less)  than the price 
ratio, the use of the input should be in- 
creased (decreased) (equation [3]). Alter- 
natively, the economic efficiency of an input 
can be examined by comparing the  VMPx, 
with Px,. If the VMPx, is greater (less)  than 
Px,, profit could be increased by increasing 
(decreasing) the  use of that input (equation 
151). 
Results and Discussion 
Linear  and log-linear  (Cobb-Douglas) 
production  functions were estimated for 
tilapia culture in  ponds and small ditches 
(Table  1). In  both models,  1  1 explanatory 
variables could explain 4  1  % of the  variations 
in  tilapia  output. However,  in  the linear 
model, five variables were statistically sig- 
nificant whereas in the Cobb-Douglas model, 
there were only two significant variables. 
The linear model revealed that stocking 
density, quantity of rice bran used as sup- 
plementary feed, pond size and location 
significantly influenced tilapia production. 
Assuming all  other factors are held con- 
stant, tilapia output is  increased by 0.03% 
for every I0h increase in stocking density. 
Likewise, a 1  Oh increase in rate of rice bran 
use would correspond to  a 0.07% in'crease 
in tilapia output. A negative relationship 
exlsted between pond size and tilapia output; 
i.e.,  for every  l0/o  increase in  pond area, 
there is  a  0.00028% decrease in  tilapia 
output. Dummy variables representing 
location  of  farms  were significant  at 
5% level of  confidence which implies 
that  there  are  differences  in  tilapia 
productivities among the three thanas. 
The coefficient of inorganic Fertilizer rates 
resulted  in  the  expected  economic 
relationship but was not statistically sig- 
nificant:  a 0.00034% increase in  tilapia 
output will  be realized  when applica- 
tion rates of urea and TSP are increased by 
1%.  The inorganic Fertilizer application rates, 
currently averaging 80 kg-ha-',  are very low. 
The Cobb-Douglas production function, 
which employed the same explanatory 
variables in the linear form revealed that 
stocking  density and pond size are the factors 
that significantly influenced tilapia output. Table  1. Estimated production functions and output (per hectare) of tilapia farms  in Trishal, Fulbaria and Mymensingh thanas, Bangladesh, 1989-90.  F~~ 
exwlanation of variables, see text. 
Characteristics 
Functional form  Linear 
Model specification  Y  =  0.0675  -  0.00079  XI  +  0.03055  X, 
(1.13)  (-1 -26)  (2.88)"" 
R2  0.46 
C  (adjusted)  0.41 
F-value  7.97'*" 
n  113 
Estimated output at X  1.890  t.ha-' 
Log-linear  ( Cobb-Douglas) 
log  Y  =  log 182.47  -  0.01  572  log X,  t  0.661  45  log X, 
(219)"  (-2.50)  (2.84)"" 
-  0.15530  log X,  +  0.08  162  log X,  -  0.03580  log X, 
(- 1.26)  (0.93)  (-0.25) 
Note: Significant levels: ""=I%;  "*=5%;  **=to%;  and *=I  5% Table  2.  Marginal physical  product.  input price and price efflclency 
of  tilapla  farms  in  Trishal,  Fulbarla  and  Mymensingh  thanas. 
Bangladesh, 1989-90".  (Using linear model: price of output = Tk  27.09, 
kg.':  Tk 36=US$1 in 1689.) 
Fingerlings  Rice bran  Inorganic fertilizer 
MPPx,  0.0306  0.0670  0.0003 
VMPx,  0.8290  1.8150  0.008  1 
"Xi  0.1900  1 .I  700  0.0052 
VMPx,/Px,  4.36  1.55  1.56 
Input use  increase  increase  increase 
'MPPx, = marginal physical product of  input I: VMPx, = value of marginal 
product of input i  or (MPPx,  x price  OF output): and Px,  = price of input i. 
A  1% increase in  stocking density would 
increase tilapia output by 0.66%. assurn- 
ing all  other factors are held constant. 
Likewise, a  1% increase in pond size would 
bring about a decline in tilapia output by 
0.53%. The sum of  all  partial  output (Ri) 
elasticities was 0.60 which  indicates di- 
minishing returns to scale. 
Using  the  linear  model,  price 
efficiencies  were calculated  for  three 
main  inputs (Table  2). The estimates 
showed that fingerlings, rice  bran  or 
inorganic  fertilizers  were  used  inef- 
ficiently.  The  values of  the marginal 
physical  products of  these inputs were 
greater than their respective prices. This 
implies that profit  from tilapia  culture 
can  still  be  increased  by  increasing 
either the stocking density, the appli- 
cation rates of rice bran or the inorganic 
fertilizers. 
There is scope for further increasing the 
production of  tilapia in small waterbodies 
in Bangladesh. Survey results suggest that 
given the present prices of  inputs and out- 
put, increasing the stocking density, the 
use of rice bran and the  rates of  inorganic 
Fertilizer application will increase the  eco- 
nomic efficiency of tilapia production op- 
erations. However, with the  subsistence 
nature of the  tilapia farms, increased use 
of  commercial inputs may not be  affordable 
by poor farmers. Input-support and credit 
facilities may enable farmers to  exploit 
further the production and income from 
tilapia aquaculture. 
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Abstract 
The tremendous growth in  tilapia (Oreochrom/s  spp.) production in the Philipplnes during the 1980s has 
been attributed to the increasing profitability of tllapla as  a cultured fish for producers and its acceptablllty 
as  a table flsh for consumers. Tilapia production from aquaculture registered a 7% annual growth from 1983 
to 1990. whereas supply  from  small-scale flsherles catches declined at 5%.  Thls paper  investigates 
the  development  prospects  of tilapia aquaculture  in the  twelve  regions  of the  country.  The 
demand for  tilapia was  analyzed  in terms  of its own prlce movements  and in relatlon to price 
movements of competing fish at  the reglonal markets. The  strengths  and constraints  of promoting 
tllapla aquaculture  in each  region of the country have also been assessed. 
lntroductlon 
Oreochromis  niloticus, introduced in the 
early  1970s, is  the main cultured tilapia 
species in the Philippines. It has replaced 
0.  mossambicus which has been cultured 
since its  introduction in  the 1950s. 0. 
mossambicus was perceived by producers 
and consumers as an inferior species 
(Guerrero 1985). With  the farming of 0. 
niloticus, tilapia has become a popular spe- 
cies, particularly in freshwater ponds, pens 
and cages, and there has been tremendous 
growth in the industry (Bimbao and Ahmed 
1990).  Tilapia production grew  annually at 
7% from 62,179 t in  1983  to 97,424 t in 
1990  (Table 1  ). A great percentage of  this 
increase  came  from  aquaculture:  its 
contribution to  total tilapia production in- 
'ICLARM Contribution No. 977. 
creased from 49% to  78% during  this pe- 
riod. While tilapia production from srnall- 
scale Inland fisheries declined at 5% from 
31,407 t  in  1983 to 21,282 t  in  1990, 
aquaculture production increased at 14% 
from 30,722 t  to 76,142 t. The highest 
production came from tieshwater ponds and, 
in 1990,  accounted for 36% of  total tilapia 
production. Tilapia is the main species farmed 
in freshwater ponds and cages  and accounts 
for 91  0/0 and 95%, respectively, of total fish 
production from these systems. The con- 
tribution of tilapia to  national aquaculture 
and total fish  production  increased from 
5% to 1 1  % and from 3% to 6%. tespec- 
tively, From  1983  to 1990. 
This paper examines  the trends in tllapia 
production in different regions in the Phil- 
ippines. The  aquatic resources of the  twelve 
regions are presented and discussed in terms 
of  their development and potential for tilapia 
culture.  Regional  trends in  prices  of 
tllapia and prices of  other alternative 
fish  are also examined. Table  1.  Tilapia production and value by culture system and capture fisheries and Its contribution to total 
fish production and value. Philippines, 1983-1990.lSource:  BAS 1991  1.1). 
Tilapia 







Capture  Fisheries 
Growth 
1987  1988  1989  1990  rate (Oh) 
Value 
(million pesos)'  506  670  1.195  1,904  1,801  2,086  2,462  2.925  28 
Aquaculture  250  394  844  1,337  1,459  1,648  1,995  2.327  38 
Freshwater ponds  106  146  253  337  542  691  780  1.316  43 
Freshwater cages  37  86  131  214  341  395  456  515  46 
Freshwater pens  217  391  289  217  233  102  -15 
Brackishwater  107  162  243  396  287  345  526  393  20 
ponds 
Capture  Fisheries  256  275  351  567  342  438  467  598  13 
Total fish production 
quantity ('000  t)  2,110  2.080  2,052  2.089  2,213  2.270  2,371  2.504  2 
Aquaculture  445  478  495  471  561  600  629  671  6 
Freshwater ponds  12  13  16  16  30  33  34  36  17 
Freshwater cages  5  7  7  9  18  18  20  21  24 
Freshwater pens  82  82  52  41  36  24  24  24  -16 




Aquaculture  4.799  7,266 8,724 10,832  11.421  15,213  15,673  20,466  23 
Total flsh  18,982 25,650  31,297 37.331  37,350 42.1  18  45,094 52,177  16 
% of tllapia  Average 
production In 
Aquaculture  6.9  6.7  8.8  11.8  13.5  25  13.0  11.4  10.6 
Freshwaterponds  93.9  88.5  87.4  90.7  88.7  91.6  90.2  98.2  91.1 
Freshwater cages  100.0  100.0  96.6  95.2  94.6  94.5  94.6  87.1  95.3 
Freshwater pens  18.1  39.5  40.1  39.8  38.3  16.2  32.0 
Brackishwater ponds  8.1  6.7  6.7  8.0  7.6  7.6  9.1  7.0  7.6 
Total fish  3.0  2.6  3.0  3.8  4.2  4.2  4.2  3.9  3.6 
% of tilapla value in 
Aquaculture  5.2  5.4  9.7  12.3  12.8  10.8  12.7  .  11.4  10.0 
Total fish  2.7  2.6  3.8  5.1  4.8  5.0  5.5  5.6  4.4 The Philippine Fisheries Profile 
The Philippines is an archipelago of  7,101 
islands with a land area of  30 million ha. It 
is divided geographically into three major 
areas: Luzon, the Visayas and Mindanao, 
which are further divided  into Five, three 
and four regions, respectively (Fig. 1). The 
aquatic resources of  the country comprise 
marine waters (220 million ha), bracltish- 
waters (swamplands:  232,000 ha; fishponds: 
2 10.3  19 ha) and freshwaters (lakes:  22 million 
ha, rivers: 31,000 ha; reservoirs:  19,000 
ha; swamplands: 106,238 ha; fishponds: 
1 3,398 ha) (BAR 1 989).  Marine waters ac- 
count For  75% of  total fish production; com- 
pared to freshwater, 1 5% and brackishwater, 
10% (Table 2). 
Freshwater  aquaculture production  is 
highest in the Southern Tagalog Region which 
produces 62% of  the total regional production 
followed by  Central Luzon at 21% (Table 
2). Tilapia  is  a major species cultured  in 
freshwater ponds in all  regions except in 
the  Eastern  Visayas.  Bracltishwater 
aquaculture production is  highest in Cen- 
tral Luzon and the Western Visayas which 
account for 329'0 and SO%,  respectively, of 
total regional production. Western Mindanao 
accounts  for  almost  77% of  regional 
mariculture production. 
of  the national aquaculture production. These 
regions, except Central  Mindanao, have 
extensive marine resources which implies 
that there is little incentive to culture tilapia 
as a good supply of marine fish exists. On 
the other hand, although Central Mindanao 
has one of the most extensive freshwater 
resources  among  all  regions,  tilapia 
production is insignificant because the region 
has a relatively small area (1  15 ha) devoted 
to Fishponds and these are also utilized for 
common carp ( Cyprinus carpio) and catfish 
(Clarias  spp.)  culture. 
Luzon, which has the largest developed 
areas of  Freshwater and brackishwater ponds, 
tops all regions in the Visayas and Mindanao 
in tilapia production. Freshwater ponds in 
Central Luzon account for the highest con- 
tribution (78%)  to total production, followed 
by  llocos (9%)  and Cagayan Valley (6%)  (Fig. 
1). Tilapia production from cages is high- 
est in the Southern Tagalog Region which 
contributes 81 Oh of  total production. Un- 
like the other culture systems for which tilapia 
production is concentrated in  Luzon, pro- 
duction from brackishwater ponds is con- 
siderable in  some regions  in  the Visayas 
(Western Visayas,  10%) and  Mindanao 
(Southern  Mindanao, 6%: Western Mindanao, 
4%). although the highest production still 
comes from Central Luzon (44%). 
Regional Productlon Trends  Regional Price Trends 
Tilapia aquaculture production  in all re- 
gions posted positive growth  rates from 
1983 to 1990 although production in some 
regions fluctuated in  some years (Table 3). 
The bulk of  tilapia production came from 
Central Luzon  and the Southern Tagalog 
Region, accounting for an average of  43% 
and 26% of  total aquaculture production, 
respectively. Production from the Central 
Visayas,  Eastern  Visayas,  Northern 
Mindanao and  Central Mindanao  each 
accounted  for less then  one per cent 
Retail Prices  in Current and Real 
Terms 
Nationwide, tilapia retail prices in  cur- 
rent (nominal) terms increased at an  an- 
nual  rate of  18% from  P 10.53/kg in  1982 
to P25.96/l<g  in  1988 (Table 4).  However, 
in real terms (deflated or at constant prices; 
i.e.,  after adjusting for inflation) they increased 
by  only 2% for the said period. Increases 
in  tilapla  retail  prices in current and  real 




Fig.  1. Map of the Philippines showing 1990 tilapia aquaculture production in t and per cent growth rates 
(parentheses) for the  period  1983 to 1990: and  per cent production from  freshwater  ponds, freshwater 
cages,  freshwater  pens and  brackishwater  ponds to total  production [within regions] and  [[across 
regions]]. (Source: BAS 1991  b). Table 2.  Reeional distribution of aquatic and fisheries  resources.  Phili~~ines.  (Source: BAR 1989). 
Freshwater  Brackishwater  Marine 
Fishponds  8 
0 
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llocos  1,453  tilapia,  24 
carp, 
catfish 
Cagayan  1.237  tilapia  2,423 
Valley 
Central  9,105  tilapia  37,345 
Luzon 
IV.  Southern  372  tilapia, 
Tagalog  carp 
V.  Bicol  131  tilapia 
































t6,63 1  shrimp, 
milkfish, 
siganids 
1.469  shrimp, 
milkfish, 
crabs 
5,342  shrimp, 
rnilkfish 
23,984  shrimp. 
rnilkfish 
1  1.028  shrimp, 
milkfish, 
crabs 
5,894  shrlmp, 
milkfish. 
crabs 
















tuna and tuna-like species; 
demersals 
small- and medium-size pelagics; 
demersals 
tuna, flying fish; demersals 
anchovy; tuna; demersals 
small pelagics, tuna; demersals 
small pelagics; dernends 





























'Include  major  river systems,  lakes/dams,  reservoirs and swampIands/mashes.  continued Table 2.  (continued) 
Freshwater  Brackishwater  Marine 
Fishponds 
Major  Communal  Major 
Developed  species  freshwater Production  Developed  species  Production  Major  species  caught  Production 
Region  (ha)  cultured  (ha)'  (t)  {ha)  cultured  (t)  it) 















385  tilapia 
241  tilapia 
t 14  tilapia. 
carp. 
catflsh 
558  5,740 
(capt  ure) 
253 
(culture) 


























2.200  small pelagics; wralline species 
(culture) 
9,181  tuna. sardines; demersals 
(cutture) 
2,370  small pelagics, tuna: 
{culture)  elasmobranchs, coralline species 
6.065  tuna, small pelagics; demersals 
(culture) 


















'Include  major rtver systems.  lakes/dams,  reservoirs and swamplands/rnashes. Table 3. Tilapla production from aquaculture and its percentage to total tllapla production by region, Phlllpplnes.  1983-1990. (Source: BAS 
1991  b). 
Growth 
1983  1984  1985  1986  1987  1988  1989  1990  rate (%) 
Philippines  30,772  32.002  43.780  55.836 
NCR/MMn  2  3  2,082 
I  llocos  5,979  4,487  4,894 
II.  Cagayan  Vallcy  902  1.1  11  1.308 
Ill  Central  Luzon  15.667  13,318  15.309 











Ccntral  Vlsayas 
Eastern  Visayas 
Western  Mindanao 
Northern  Mlndanao 
Southern  Mindanao 
Central  Mlndanao 














Cagryan  Valley 
Central  Luxon 
Southern  Tagalog 
Blcol 
Wcstcrn VIs.\yas 
Central  Visayas 
Eastern  Vlsayas 
Western  Mindanao 
Northern  Mlndanao 
Southern  Mlndanao 
Central  Mlndanao 
L.uzon  (I-V and 
NCRIMM) 
Visayas  (VI-VIII) 
Mlndanao (IX-XII) 
Average 
'National Capital ReglonjMetropolltan Manila 
price levels in  these regions were lower 
than in  Luzon. 
With  reference to Metropolitan Manila, 
considered here as  the central market, retail 
prices in some regions in Luzon were generally 
above Metropolitan Manila prices (Table 4). 
From 1983 to 1989, Metropolitan Manila retail 
prices were lower by 73% (current) and 63% 
(real) compared with prices in  Ilocos; 77% 
(current) and 79% (real) in Cagayan Valley; 
and 90°/o  (current) and 76% (real) in Central 
Luzon. Tilapia retail prices in the other regions 
were lower compared to  Metropolitan Manila 
prices with Central Visayas registering the 
lowest prices, representing only 47% of the 
prices in Metropolitan Manila. 
Wholesale Prices In  Current 
and Real Terms 
Tilapia wholesale prices in  current and 
real  terms increased at 20%  and 6%,  re- 
spectively, from 1982 to 1989, the same 
growth registered  for  retail  prices (Table 
4).  Tilapia wholesale prices in current terms 
in Luzon posted an average  growth of  IS%, 
in  Visayas, at 19%,  and in  Mindanao, at 
36%. However, in  real  terms, the South- 
ern Tagalog Region and Central Visayas 
registered negative growth rates - which 
means the increases in  wholesale tilapia 
prices were lower than the  general increase 
in prices in these regions. Table 4. Tilapia retail and wholesale prices and price margins (Pesosl/kg)  in  current and real terms by reglon. Phlllpplnes.  1962-1988. Retail prlce data br  Eastern Vlsayar. and wholesale prlce data for the 
National Capital Region/Metropolitan  Manlla (NCWMM) are not available. (Source: BAS 1982-1988, unpublished data]. 
Average annual  Average annual 
5owth  rate  growth rate 
1982  1983  1984  1985  1986  1987  1988  (*I  1982  13  1984  1985  1986  1987  1988  (%) 
Retail prlce in current terms 
Philippines  10.53 
NCWMM  21.95 
llows  15.68 
Cagayan  Valley  14.67 
Central Luwn  12.47 
Southern Tagalog  10.56 
Blcol  9.75 
Western Wsayas  6.95 
Central Vlsayas  5.68 
Western Mindanao  6.25 
Northern Mlndanao  4.44 
Southern MLndanao  7.39 
Central Mlndanao  4.44 
Wholesale prlce In  current terms 
Phillpplnes  5.88 
llocar  8.52 
Cagayan  Valley  8.82 
Central Luwn  6.78 
Southern Tagalog  7.30 
Biwl  5.71 
Western Viiyas  4.12 
Central Visayas  5.33 
Eartern Visayas  5.34 
Wstern  Mndanao  5.76 
Northern  Mindanao  3.38 
Southern Mindanao  5.14 
Central Mlndanao  3.02 












Deflated retall price in real terms 
Deflated wholesale prlce In real terms 
Deflated prla  margln in real terms 
Central Mindanao  1.42  1.92  10.37  16.96  9.58  5.73  6.42  78 Tilapla wholesale prices in  current and 
real terms in  all  regions were also com- 
pared to prices in  Central Luzon, consid- 
ered here as the central point of  produc- 
tion flable 4).  Compared with prices in Central 
Luzon, the prices in  llocos were higher at 
an average of  21°h (current)  and 16%  (real) 
and in Cagayan Valley by 24% (current)  and 
6% (real). Tilapia wholesale prices in  the 
other regions were lower than the prices 
in  Central Luzon: Central Visayas registered 
the lowest where prices, on average, were 
39Oh  (current) and  56% (real) lower than 
prices in  Central Luzon. 
Price Margins in Current 
and Real Terms 
Price margins, computed here as the dif- 
ference between retail and wholesale prices, 
either indicate the profits or the extent of 
marketing activities from  the two points 
of  sale. Tilapia price margins in current terms 
averaged P5.57/l<g  in  Mindanao and P5.36/ 
leg  in Luzon  For  the period  1982 to 1988 
(Table 4).  The price spread in  the Visayas 
is lower at P3.74/Icg. 
Across regions, tilapia price margins in 
current terms ranged from P2.75/lcg in Central 
Visayas to P7.49/l<g in  Central Mindanao 
(Table 4). However, in  real  terms, price 
margins were highest in  llocos at P8.29/ 
Icg  and lowest again in  Central Visayas at 
P2.50/l<g. 
Comparative Price Analysls 
with Other Fishes 
Price Trends of  Tilapin 
and Competing Fish 
Price trends of four competing fish were 
compared with tilapia prices. The criterion 
for competition is that fish is readily avail- 
able at regional  markets. The  preference 
of consumers was stratified by  income level. 
Tilapia is a second class fish and was com- 
pared to two other fish on the same group: 
fusilier (Caesio  spp.; locally called dalagang 
bum  and threadfin bream (Nemlpterusspp.; 
bisygo). Tilapia was also compared to milkfish 
(Chanos chanos; bangus) and  roundscad 
(Decapterus macrosoma; galung-gong)  , 
considered first and third class fish, respec- 
tively. 
In  most regions in  Luzon, tilapia prices born 
1982 to 1989 moved closely with fusilier, 
threadfin bream and milkfish prices (BAS 1982- 
1989).  However, in  the Visayas and Mindanao 
(except  For Central and Eastern Visayas), tilapia 
prices moved closely with roundscad prices. 
This implies that tilapia is less attractive in 
these regions than in  Luzon. This can be at- 
tributed to the wide range  faltern native marine 
fish  in  the Visayas and Mindanao. In  terms 
of yearly fluctuations, tilapia prices exhibited 
a similar behavior to other fish  except for 
Northern Mindanao where fluctuations in tilapia 
prices were more pronounced compared to 
other fish prices. 
Price Ratios of  TP/Rpia 
and Competing Fish 
Generally,  fusilier  retail  prices  were 
higher  than  tilapia  prices  (Table  5). 
However, the trend  from  1982 to 1989 
showed  that tilapia  retail  prices  have 
increased  relative  to fusilier prices. In 
1989, fusilierl tilapia price ratios dropped 
to less than 100% in  Four  regions in  Luzon 
which  means  that  tilapia  prices  are 
higher  in  these regions.  On  the other 
hand, although Fusilier/tilapia price ratios 
were declining since  1982, fusilier  re- 
tail  prices  were still  higher than  tilapia 
prices  in  the Western  Visayas and the 
regions  in  Mindanao.  These  price 
changes indicate an  increase in  tilapia 
demand  relative  to fusilier. 
Threadfin bream/tilapia retail price ratios 
also showed a declining trend From  1982 
to 1989 (Table 5). But  in  1989, threadfin 
bream retail prices were still greater than 
tilapia prices, except in  the Cagayan Val- ley where  threadfin bream prices were  lower 
by 8.4%. Regions in  the Visayas  and 
Mindanao have higher threadfin beam/tilapia 
retall price ratios compared to  other regions. 
MilkFish/tilapia retail price ratios exhib- 
ited a fluctuating but increasing trend From 
1982  to 1989 except in Southern Tagalog 
and the  regions in Mindanao (Table 5).  On 
average, milkfish retail prices were higher 
than tilapia prices by 24% in  Luzon, 64% 
in the Visayas and 49Oh in Mindanao. 
Roundscad retail prices were generally 
below tilapia prices in Ilocos, Cagayan Valley 
and Central Luzon; were higher in the  Central 
Visayas and  Central Mindanao, but had mixed 
movements in other regions (Table 5). Price 
ratios of greater than 100% for the  Central 
Visayas and Central Mindanao indicate that 
roundscad is  preferred to  tilapia in these 
regions. 
Dlscusslon 
Growth in  tilapia  production in  the 
past  decade  has  come  from  aqua- 
culture. This  is  expected to continue 
as catches from  inland  fisheries decline. 
Tilapia is  the main  species in  freshwa- 
ter ponds, cages and  pens through- 
out the country except for the Eastern 
Visayas. Production of tilapia is  great- 
est in Luzon particularly in  Central Luzon 
which  is  predominantly  a  landlocked 
region,  and Southern  Tagalog  which 
is  endowed with extensive inland fish- 
eries  resources.  In  the  Visayas  and 
Mindanao, tilapia production is  low and 
its culture is  not very popular. These 
regions have extensive marine resources 
which offer little  incentive to produc- 
ers to engage in tilapia culture and con- 
sumers have a  wide range of  choices 
of marine fish. 
Generally, tilapia prices have moved 
closely with prices of  roundscad, fusilier 
and threadfin bream but regional differences 
exist: tilapia retail prices in Luzon have been 
distinctly higher than roundscad  prices. 
However, tilapia retail prices have been close 
to  roundscad prices in Mlndanao. This im- 
plies that tilapia is  less preferred by con- 
sumers in Mindanao, where it is still con- 
sidered a third class fish. Retail price trends 
from 1982 to 1989 showed that increases 
in tilapia prices were  greater  than the  price 
increases of fusilier and threadfin bream, 
although tilapia prices continued to  be lower. 
However, in  1989, tilapia prices in Luzon 
were already above fusilier prices. This may 
imply that the demand for tilapia is increasing 
relative to  Fusilier and  threadfin bream. Prlce 
trends with milkfish showed that milkfish 
prices increased more than tilapia prices 
and tilapia prices were far below milkfish 
prices. Although this may give an impres- 
sion that milkfish has not been influenced 
by tilapia, on the contrary, the decline in 
milkfish production From pens in  1985  was 
attributed to  the shift from milkfish to  tilapia 
and carp by the  Rshpen operators in Laguna 
de  Bay, a 90,000-ha freshwater lake in South- 
ern Tagalog, Luzon (BAS 199  1  a). 
Differences in  tilapia production  and 
prices signify that the demand for tllapia 
varies across the twelve regions of  the 
country.  Generally,  production  and 
prices are higher  in  Luzon  compared 
to the Visayas and Mindanao. Although 
a  suitable resource base for tilapia cul- 
ture is  abundant throughout the country, 
the growth of  the industry has been slow 
in  the Visayas  and Mindanao, largely 
because of  the wide range of  marine 
fish available in  these regions. In  Luzon, 
tilapia  has a  significant market because 
of the relatively  large demand for  fish 
in  relation to supply from marine wa- 
ters. An  analysis of  the price  trends of 
tilapia with  other Fish  species showed 
that tilapia can compete in  the fish  mar- 
kets. Generally, increases in  tilapia prices 
were greater relative to the increases 
in some alternative fish and this is  a  pro- 
mising signal of  increasing demand For 
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Abstract 
Although tilapia culture in the Senegal river basin was promising at its beginnings. it now faces 
major difficulties (production < 50 tonnes). In spite of the many positive elements such as a vast 
water potential, abundance of by-products from agricultural and animal farming, and a deflcit of 
about 21,000 t  in fish supply from the river watershed, tilapia culture has not been successful. Its 
development has been affected by many constraints: (I)  environmental-irregularity  in the natural 
water system, poor mineral content in the rivers, high turbidity during the rainy season and low 
water temperatures from November to March: (2) technical-poor  choice of sites, insufflclent depth 
of the fishponds and inadequate dike construction, poor water quality control and poor fry quallty: 
(3) administrative-poor  definition of responslbllities, insufficient  management support servlces 
and constant confusion in the experimental and extension objectives; and (4) socioeconomlc- 
farmers' perception OF fish farming as  a secondary actlvity, high costs of construction and management. 
and competition with the fisheries sector. However, the construction of the Diama and Manantall 
dams seems to offer better prospects. 
AFter nearly 50 years of experiment, 
fish culture in  many African countries 
has yet to  realize its potential (Lazard 
et al. 1990).  The production from fish 
farming for the  African continent (62,000 
t,year-')  and particularly, For subSaharan 
Africa (1  0,000  t,year-')  is low  compared 
to  the world production of  13  million 
t.year-' (FA0 1989). 
Although fish culture in Senegal gave 
early promising results, annual produc- 
tion does  not exceed I00 t. The effort 
to develop tilapia culture in the Sen- 
egal river basin was  encouraged by sev- 
eral factors. In  the past two decades, 
the  Senegal river basin had insufficient 
rainfalls and the land and water man- 
agement strategies that were imple- 
mented drastically reduced flooded areas 
(Lazard 1981 ; Denneville and Jamet 
1982: Diouf and Bousso  1988). From 
400,000 ha in 1969,  today  these areas 
cover less than 100,000  ha (OMVS 1986). 
The reduction of flooded areas resulted 
in  diminishing fish  catches. From ap- 
proximately 20,000  t in  1969  (Fall 1980), 
catches dropped to 8,000 t  in  1988 
(Diouf et  al. 1991  ). However, the de- 
mand in Fish continued to  increase due 
to  population growth. At present, the 
demand in fish for this region OF  Sen- 
egal is estimated at  2 1,000  Vyear-' (Diouf 
et  al. 1991  ) considering the ideal con- 
sumption at 36.5 I<g.head.year-'  (Lazard 
198  1 ). Imports of  marine Fish From other 
regions of  Senegal hardly make up a 
third of this deficit (Diouf et  al. 1991). 
Although the  distribution channels  for 
marine fish have become more  efficient 
over the last few years, fish supply is 
still Irregular in  the landlocked areas such as the Bakel region (Fig. 1 ), espe- 
cially during the rainy season, because 
of processing and transportation prob- 
lems. In  these regions, marine fish  is 
expensive (Table I) and often of poor 
quality (Diouf et al. 1991).  In  these ar- 
eas, freshwater fish, particularly tilapia 
(from capture fisheries and  fish  farrn- 
ing) is preferred. 
The average price of meat in the river 
basin  is  relatively  high, especially  in 
urban areas where it  reaches approxi- 
mately 800 F CFA*l<g-'  (US$2.7). In  rural 
areas, meat consumption is low because 
OF social traditions. In  this context, fish 
culture is needed. 
Tilapia  (essentially,  Oreochromis 
niloticus) was chosen by  developers 
because it is appreciated by  consumers: 
it  is  a  resistant  species and Farming 
techniques are relatively well-understood. 
This article describes briefly the Sen- 
egal river  basin environment, reviews 
its history of  tilapia culture and assesses 
strengths and weaknesses. 
The Envlronment 
The Senegal river, approximately 1,800 
krn in length, is the seventh largest river 
in Africa and the second largest in West 
Africa. Its watershed covers an area of 
340,000 Itrnz. 
There are significant variations in the 
rainfall  pattern across the basin: from 
2,000 mm in  the southern parts to ap- 
proximately 300 mm at its northern limit. 
Fish culture stotion 
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Fig. I.  Location of fish culture stations, ponds and fish cages along the Senegal River. Table  1. Average retail price (F CFA)/kg of some marine Fishes  in  Dakar (For comparison).  Podor, 
Matam and Bakel between 1986 and  1987. (Source: Chaboud and Kebe 1990). 
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US$1.00=300  F CFA at  the time of the  study. 
In  this region, annual rainfall  patterns 
are highly irregular, particularly in the 
north. 
The climatic history of this basin is 
characterized by a succession of-dry  and 
humid periods (Olivry 1982;  Sow 1984: 
Kane 1985).  At present, there is a per- 
sistent pattern of low rainfall. 
Annual water evaporation is high. Data 
recorded with a Piche evapororneter over 
several decades showed mean values 
of  2,950 mm at Saint-Louis where the 
air moisture is  relatively high, 3,220 mm 
at  Matam and 3,550 mm at Rosso (Platon 
1981). 
The Senegal River system, classified 
as  tropical by Frecault ( 1982),  Gac and 
Kane (1985),  and Kane ( 1985), is char- 
acterized by extreme year-to-year  ir- 
regularity. The dams at Diama (Fig.  1) 
and at Manantali  (Mali) will  greatly 
modify this natural system. The objec- 
tive of the Organization for the Devel- 
opment of  the Senegal River  (OMVS) 
is  to substitute flood-recession  farm- 
ing by irrigated farming. However, to 
avoid drastic changes which would cause 
important socioeconomic problems, it 
was decided during the first years of 
operation that specific discharges (ar- 
tificial  flooding) would be allowed at 
Manantali to  create and to  maintain  the 
necessary conditions for the pursuit of 
flood-recession cultures. 
With regard to  salinity, before the  con- 
struction of the dams, freshwater cov- 
ered the entire Senegal river  basin in 
times of floods. But, from the second 
half  of  October, saltwater started to 
penetrate. 
From the construction of  the Diama 
dam, the tail-bay  has operated as an 
evaporation basin and salinity has pro- 
gressively increased up to 40-45 ppt. 
Upstream, Freshwater is found as long 
as  the dam remains closed. 
The Senegal River water temperature 
shows seasonal variations due to two 
existing air temperature systems: a warm 
season (June-November)  with water 
temperatures ranging From 30-33'C  and 
a  cool season (December-April) with 
temperatures ranging approximately 
from 16-26°C. Maxima of approximately 45OC  and minima of  approximately 12'C 
are recorded in ponds  and shallow areas. 
The valley and delta waters show  dif- 
ferent chemistry profiles. In  the valley 
where there is Freshwater all-year round, 
the water is tetraionic, poor in chloride, 
sulfate and minerals (Reizer 1974).  The 
river productivity is low as  a result. Dur- 
ing floods, the delta waters show the 
same characteristics. In  contrast, the 
seawaters in the delta during flood re- 
cession are hexaionic and rich  in  min- 
erals.  There is a progressive decrease 
in mineral content from downstream  to 
upstream waters. 
History of Tilapla Culture In 
the Senegal Rlver Basin 
Pond  Culture (USAID 
and Catholic Relief Service) 
PHASE  1  ( 1979- 1981  ) 
The history of tilapia culture started in 
the Senegal river basin with the signing 
in August 1979  of an agreement between 
USAlD and the Senegalese Government 
for the  funding of the "Intensive Fish Culture 
Accelerated Impact Project." The first phase 
of  this project (December 1979 to De- 
cember  198 I), called  "pilot"  phase, 
involved major partners such as USAID, 
the Department of  Forestry  and Water 
Resources, the US Peace Corps and village- 
based cooperatives. In  1980,  the Richard- 
Toll station was established with two 2,500- 
m' and four 500-rnZ  ponds stocked with 
broodfish of  0. niloticus from CBte d'lvoire 
(FA0  project, Boualte) which in 198  1 pro- 
duced 50,000 fry to be used in  demon- 
stration ponds. 
Also in  1980,  30,000-40,000-m2 fish- 
ponds  were constructed in the villages 
of Gaya, Ndiareme, Nianga, Guede. 
Gamadji and Mboumba (Fig. 1)  stocked 
in October-November with fry From the 
Richard-Toll  station at a  density OF 
1  .Z5-  1.7 fry.m '. 
In March 1981,  the project was  evalu- 
ated before the ponds were harvested 
for the first time. According to  the  con- 
clusions of this evaluation, the project 
was working well and chances of  suc- 
cess were high. 
After four-and-a-half months, the fish 
weighed between 90 and  125 g. Re- 
sults of the first year of  experiment were 
encouraging with  mean yields of  1.2 
t.ha,' (Freudenberger 1988). 
As reports on  this period are not avail- 
able, it is impossible to  reconstruct the 
details concerning the management of 
these ponds. However, our inquiries 
show  that feeding and fertilization were 
essentially based on rice bran and or- 
ganic fertilizers. 
PHASE II ( 1982- 1984) 
At the  end of the first phase, the USAlD 
funded a second two-year phase under 
the Baltel  Irrigated Areas Project. During 
this period, the participation of  the Sen- 
egalese Government was  entrusted to  the 
SociCte  pour  I'amenagement  et 
I'exploitation des  terres du  Delta (SAED). 
During this period, two new fish farm- 
ing stations were constructed: Bake1 
( 1982- 1983)  and Nianga ( 1983- 1984). 
Forty additional demonstration ponds 
were constructed, but most of  them had 
to be abandoned because of  their dis- 
appointing results. 
To reduce competition with marine 
fish. fish culture initiatives were moved 
to  the eastern and central areas of  the 
Senegal river basin. 
The Bakel station possessed two  3,500- 
mZ  and one 7,500-mZ  ponds. It produced 
only 15,000  fry for the  ponds of  Arroundou, 
Koungani, Yafera and Wallalde (Fig.  1 ). 
The  Bakel  station experienced seri- 
ous  difficulties due  to  water infiltration 
and management problems. The ponds were managed by a fisheries coopera- 
tive with the assistance of  a volunteer 
worker from the US Peace Corps. Some 
members of the group, relying on their 
own  experience  in  fisheries  and 
"knowledge of fish," refused to Follow 
the recommendations of the volunteer 
worker. Following poor harvests in  1984, 
the Bakel station was abandoned. 
During this second period, the qual- 
ity of  the fry produced at the Richard- 
Toll station decreased due  to  the high 
stocking densities of  the broodfish. 
Paradoxically, the  number of demon- 
stration ponds increased dramatically 
in the  villages while harvests remained 
less than adequate. 
Although information on feeding dur- 
ing this period is  insufficient,  Lazard 
(1  984) indicated that a mix containing 
8O0/o  rice bran and 10% fish meal was 
used at the Richard-Toll station. 
PHASE  111  (1  985-  1988) 
The  ponds of the Nianga station were 
stocked at the end of  1984  and begin- 
ning 1985  with 0,  niloticus coming From 
Richard-Toll,  Lake Guiers, the canals 
around Podor and the  Guidekhar pond. 
The station produced 20,000  fry during 
the first year of  operation. One of the 
breeding ponds  was  stocked during the 
first season with Sarotherodon galilaeus. 
No data  are available on the results of 
this operation. 
During Phase Ill, the  station supplied 
fry to  the  neighboring ponds and cages, 
although insufficiently. 
At Nianga, as in the village dernon- 
stration ponds, the  feed  contained 80% 
rice bran and 20% fish meal. Other mixes 
were used (blood meal, peanut cake, 
etc.) without much success. 
Experiments conducted at Nianga 
showed that a density of 2 fry.m-' gave 
better yields than 1 fry.m-z.  Yields obtained 
with the former density were 1.66 times 
higher  than  with  the  latter  (2.427 
t.ha-'.year-'  against 1.462  t.ha-'.year-').  In 
contrast, the density of  2 fr~-m-~  was 1.4 
times less profitable because of the  added 
feeding and fertilizer loads (Freudenberger 
1  988). 
Moreover, small ponds (2,750  mZ)  were 
more productive ( 1.462  t.ha-'.yearm1)  than 
large  (33,000  m2)  ponds  (0.850 
t.  ha-'  .year-'  ). 
In  1985, four years after the begin- 
ning of the project, a second evalua- 
tion  revealed that results were much 
poorer than expected. 
In March 1985,  the USAlD stopped fund- 
ing the project. This period coincided with 
vast social and management problems. 
Funding by the Catholic Relief  Services 
(CRS) resumed in March 1985. 
Based  on  a  new  evaluation 
(Freudenberger 1988),  CRS also decided 
to  stop funding the project. The conclu- 
sions of  the evaluation were as  follows: 
"The  fish  farming project has 
largely missed its primary objective 
which was  to  show  concrete proof 
of  its feasibility  in  the form  of 
successful demonstration ponds, 
and to  show  such proof to  the  dif- 
ferent farmers by creating an ef- 
ficient demonstration program. 
Neither did this project reach its 
objectives to  help the  local farmers 
increase the quantity and the  avail- 
ability of  proteins in  their diet, 
nor did it succeed in  increasing 
their individual income." 
Cage Culture 
Due to the difficulties encountered 
in  facing the costs of  water and pond 
construction, cage  culture experiments 
were started in  1984 in  Bakel  and 
Waounde. Cages  were  constructed using 
PVC pipes and wire netting coated with 
a  rust-proof  plastic material. Because of strong currents,  the cages did not 
last for more than a month. Research 
studies were done to find a solution to 
this problem and new techniques were 
tested in June 1985, leading to the crea- 
tion of new cages made of nylon nets 
and iron bars. 
The fish feed was essentially composed 
of a mix of 80% rice bran and 20% fish 
meal. Results were not encouraging. 
Extenslve Fish Culf  ure 
Trials in extensive fish farming were 
started in the Guia flood plain near the 
Nianga station. On 2 October 1986, the 
area was stocked with 2,000  fry of 0. 
niloticus. The Fish were exclusively Fed 
with rice bran. At the end of  June 1987, 
895 fish or  24.6  kg were harvested. 
which discouraged farmers. 
Rice-  fish Culture 
Attempts to develop rice-fish culture 
were made by volunteers of the US  Peace 
Corps at Ndiareme (Dagana).  The project 
was funded by the USAlD and was sup- 
ported by various  public and private 
organizations such as  SAED,  the West 
Africa Rice Development Association 
(WARDA), the Senegalese  Institute for 
Agricultural Research (ISRA), the Depart- 
ment of Forestry and Water Resources, 
the Senegalese Sugar Company (CSS), 
FAO, the US  Peace Corps and USAID. 
The project used 0.  nllotkus and a 
cold-tolerant, usually high-yielding rice 
variety (KN-1  H-350) from Indonesia. 
According to Chopak  (1  983) and 
Bloom (1986), all  objectives  were 
achieved. Unfortunately, after two sea- 
sons  of experiment (1982-1983). the 
USAlD stopped funding the project 
despite encouraging results (Tables 2 
and 3). 
The Matarn 111  Project 
Under the Water and Agriculture De- 
velopment  Project  of the district of 
Matam, Phase Ill,  an aquaculture project 
was developed. This project, Matam Ill, 
started in September  1986 and was 
funded  by  the  Caisse  centrale  de 
coopgration economique, and developed 
by SAED and the Association francaise 
des volontaires du progres (AFVP). The 
Department of Forestry and Water  Re- 
sources was responsible for the execution 
and the administrative support of the 
project. Four fish farms were created. 
Construction works were of poor qual- 
ity: pond depth was insufficient, dikes 
were prone to erosion and monk drains 
were poorly built. 
In  October 1990, only two  complete 
production cycles of marketable fish had 
been achieved and two other cycles were 
ongoing. The evaluation of October 1990 
(Parrel  1990) revealed that:  -  out of the 10 fish farms previously 
expected, only four were constructed 
due to the difficulties in finding avail- 
able and competent firms to undertake 
such constructions;  -  none of the farms was fully opera- 
tional and infrastructures were of relatively 
poor quality: 
-  the support services encountered real 
dificulties in  eficiently mobilizing the fish 
farmers whose training was insufflcicnt: 
-  yields were disappointing; and 
Table  2. Comparative yields from  rice culture. 
fish culture and rice-flsh culture in Senegal. Source: 
Chopak ( 1983). 
Yield  (t.ha-') 
Type OF culture  Fish  Rice 
Rice culture  4.800 
Fish culture  2.134 
Rlce-Fish culture  2.098  4.500 Table 3. Costs and returns (for a one-hectare pond, ricefield and rice-fish culture field). All costs 
arc in CFA  francs.  11S$1 .00-300  F  CFA at the time of the study. Source:  Chopak (1983). 
Item  Rice culture  Fish culture  Rice-fish culture 
-. 
I.  Equipment 
-  Machine rental and 
labor  90.000  188.000  21  8.800 
-  Material  20.000  58.200  49.200 
Total  1  10,000  246.200  268,000 
II.  Operational costs (per season) 
-  Water  25,000 
-  Fry 
-  Fertilizer  37.700 
-  Feed (rice bran) 
-  Rice seed  9,900 
-  Machinery  70,306 
-  Marketing  5.000 
-  Labor  160.000 
-  Rental 
Total  307,906  366,500  5  1 2,406 
Ill. Returns 
-  Fish sales 
( 1 50  CFA - kg-') 
-  Rice sales 
(66.6  CFA-kg-') 
Total  3  19,680  320.100  6  14.400 
-  the project team lacked "profes- 
sionalism." 
According to  Parrel  (1  990): 
"The current failure of  this 
project is therefore not that of Fish 
culture, inasmuch as  aquaculture 
is successfully developed in Niger 
(Lazard et al.  1990) in  similar 
climate and physical conditions, 
and that the production techniques 
of  0,  niloticus are now well- 
understood for this type of culture. 
This failure is therefore more  the 
failure of  a  particular operation 
and to accept failure, after that 
of  the Peace Corps project, means 
to  condemn the development of 
fish farming in  Matam for many 
years." 
In  an attempt  to  give the development 
of  fish farming another chance, Parrel (1  990) 
proposed an extension of  the Matam Ill 
fish culture project until 3  1 December 1992 
provided that a new  approach was  taken 
with necessary changes. 
Strengths and Weaknesses 
of Tllapla Culture 
In  the Senegal River Basin 
Strengths 
The Senegal river basin holds a con- 
siderable water potential.  In  addition 
to  the 1,800  km-long main watercourse, 
the river basin includes lakes, the most 
important of  which, from the viewpoint 
of  Senegalese aquaculture, are the Lake Guiers and the  hill lakes. In addition to 
these water bodies, there are many ponds 
(DEFC  1988).  Moreover, agriculture and 
animal farming  are highly developed in 
this region and the by-products  nec- 
essary to fish  farming are therefore 
avallable. However, the  competition for 
food between cattle and Farmed fish may 
occasionally create some problems. In 
the Senegal river  basin, the shortage 
in  fish is  great and there is therefore a 
potential market for cultured fish. 
The construction of  the Diama and 
Manantali dams constitutes a positive 
factor for tilapia culture for several rea- 
sons: 
-  water supply becomes regular and 
cheap; 
-  agriculture development is  pos- 
sible and consequently by-products used 
for tilapia culture increase; and  -  the  likely increase in revenues for 
the farmers should improve their pur- 
chasing power. 
Finally, one of the major strengths of 
fish culture is  the will  of the State to 
develop this sector of activity. 
Weaknesses 
ENVIRONMENTAL CONSTRAINTS 
The great irregularity of the natural 
water system in the Senegal River con- 
stitutes a disadvantage For  tilapia cul- 
ture. High variations hinder efficient 
water management and threaten fish 
farming in certain areas. 
In  addition to this constraint, high 
evaporation in  the major part of  the 
watershed and permeable soils in some 
areas (Bakel) require the regular rec- 
reation of pond water levels. 
Moreover, the low level of  minerals 
in the  waters of the  Senegal River (Reizer 
1974; Diouf et al. 1991  ) constitutes a 
negative factor for tilapia culture. To 
improve growth, fish farmers are con- 
strained to put additional nutrients in 
the ponds. These extra expenses increase 
the already high costs of production. 
During the rainy season, the waters 
of  the  Senegal River are  generally muddy, 
increasing turbidity in the  ponds. In  turn, 
water turbidity greatly affects the pro- 
duction of phytoplankton, reducing the 
trophic resources of  the ponds. This phe- 
nomenon is particularly pronounced in 
Matam. 
From November to  March, water tern- 
peratures are relatively low (down to 
16°C).  resulting in a decreased or stunted 
growth in the pond Ash. 
The flat lowland terrain often causes 
problems in  the construction of ponds 
and additional costs for filling and drain- 
age. 
ADMINISTRATIVE  AND 
TECHNICAL CONSTRAINTS 
The history of the Senegalese fish cul- 
ture reveals that the choice of sites (Bakel 
and Navel. for example) has not always 
been wise. The location of the ponds is 
extremely important for the  technical and 
economic success of fish farming. 
Ponds are not always constructed ac- 
cording to  the technical standards re- 
quired for sound management (lack of 
depth and poorly constructed dikes). 
In addition, the large size of the ponds 
is often responsible for poor water man- 
agement. 
Defective pond construction is  related, 
on the one hand, to the lack of  heavy 
machinery and to  the lack of experienced 
fishpond technicians, on the  other hand. 
A major obstacle to  the development 
of  fish farming has been the near con- 
stant confusion between the objectives 
OF research and extension. Very often, 
fish culture techniques have been ex- 
tended before being fully mastered. This 
has resulted in failures that have strongly 
shaken the enthusiasm of farmers, even though efforts in this direction are evi- 
dent at the stations of  Ndouloumadji 
Dernbe and Nianga. 
With regard to  water quality, the lack 
of routine control of  physico-chemical 
parameters is  to be deplored, even 
though efforts in this direction are evi- 
dent at the stations of  Ndouloumadji, 
Dembe and Nianga. 
The availability of fry, both in qualita- 
tive and quantitative terms, has often been 
a major constraint. Freudenberger (1  988) 
says of the Richard-Toll station: 
"It is  diFFicult to remember a 
single moment where fry pro- 
duced at Richard-Toll  fully sat- 
isfied the needs of the village 
fishponds. During the first year 
of operation, the fishes provided 
were larger than Fry,  and dur- 
ing the Following years, prob- 
lems occurred in the breeding 
ponds which resulted in  over- 
stocking and stunting. In  fact, 
the largest part of the Fish  pro- 
vided to  the  village ponds  during 
this  period  may  have  been 
stunted animals rather than real 
fry. When they were introduced 
in the ponds, they bred imme- 
diately becoming once  more too 
many for the  ponds, greatly re- 
ducing the yields." 
The insuFFicient  and inexperienced 
management  staff  (Shelton  1985: 
Freudenberger 1988)  played an important 
role in the failure of fish farming. This 
was  aggravated by a lack of  coordina- 
tion and poor relationships among  the 
various organizations involved  in  fish 
culture in the Senegal river basin. 
Also, poor project management and 
administration seem to have contrib- 
uted to  the failure of  fish Farming in the 
Senegal river basin. At least, this is what 
transpired From the interviews conducted 
with a number of persons involved in 
fish culture. 
SOClOECONOMlC CONSTRAINTS 
One  of the  major obstacles  to  the  prof- 
itability of  Fish  farming in the Senegal 
river basin is undoubtedly the high costs 
of construction. For example, construc- 
tion costs (main works) for one  hectare 
have been estimated at approximately 
8 million  F  CFA  or USB26.700 (Corlay 
and Seck 1988),  which farmers cannot 
aFFord . 
At this point, it is legitimate to  wonder 
whether fish culture in the  Senegal river 
basin should or  should not be  subsidized. 
The principle of  funding  aquaculture 
is widely accepted, particularly in France 
where up to  50% of total investments 
can be subsidized (Corlay 1989).  It should 
be pointed out  that in Senegal, rice cul- 
ture, a financially deficient activity, is 
subsidized for nearly half  its price to 
consumers  [against  160 F  CFA/kg 
(US$0.50): 70 F  CFA (US$0.20) is  sub- 
sidized]. Similarly, in the Fisheries sector, 
fuel and Fishing gears are subsidized. 
However, under the Senegalese  current 
economic policy, subsidies to  fish farming 
are difficult to  imagine. 
With the improvement of distribution 
channels, marine Ash compete seriously 
For  markets with cultured fish (Chaboud 
and I&be  1990).  In particular, the increase 
in  the number of refrigerated trucks For 
the transportation of Fisheries products 
has considerably increased the fishmon- 
gers' scope of  activity. 
Fish farming also competes  with other 
activities such as  agriculture, animal farm- 
ing and capture fisheries which are  tra- 
ditional activities that are  well integrated 
into the social life of  the people, and 
take precedence over Fish culture. This 
explains certain attitudes towards fish 
farming. For example, a number of  these 
farmers  are  skeptical about investing their 
physical  or financial  resources  in  Fish Farming activities, thinking that these 
resources would be more profitable if 
invested elsewhere (agriculture, animal 
farming or capture fisheries), particu- 
larly when fish farming has yet to  prove 
successful. 
Moreover, cooperatives have been an 
obstacle to  the development of Fish cul- 
ture. Ponds run by a cooperative gen- 
erally face enormous management prob- 
lems  which threaten the success of  this 
activity and local politics often aggra- 
vates the situation. 
After a little over 10 years of efforts 
in developing tilapia culture in the  Sen- 
egal river basin, successes  are extremely 
rare, even nonexistent. We should there- 
fore admit that tilapia culture has failed 
in this region. 
This failure is  related to several en- 
vironmental, technical, administrative 
and socioeconomic  Factors which should 
be analyzed. 
Concerning environmental factors, the 
extreme irregularity in the  Senegal river 
basin water system has long been a major 
constraint. However, the Diama and 
Manantali dams  can solve this problem. 
In contrast, the problems of high evapo- 
ration, unsuitable terrain, poor water 
mineralization and turbidity are not likely 
to be economically soluble. 
The choice of sites for fishponds has 
not always been sensible, particularly 
in  Baltel and some areas of Matam Ill. 
A  brief  study of  soils and a  summary 
analysis of  the socioeconomic environ- 
ment would have prevented errors that 
have greatly contributed to  the failure 
of fish farming in the Senegal river ba- 
sin. 
Defective pond construction has also 
acted against fish culture. The solution 
to this problem involves the improved 
tralning of  pond workers and the hir- 
ing of consultants knowledgeable about 
African  and tropical  aquaculture. The 
choice of consultants requires particu- 
lar attention. Some  consultants have set 
high professional standards and given 
excellent results, but there are also agen- 
cies  and Independent consultants  whose 
competence and even integrity are ques- 
tioned. 
The absence of routine control of  the 
physicochemical parameters and of  a 
collection of economic  and financial data 
on fish culture, although two distinct 
problems, greatly affect the  success of 
fish farming operations. It is clear that 
under such conditions, the chances of 
success of fish culture are limited. 
Regarding administrative factors, fish 
farming has suffered  From  its  own 
management system. It is  time for the 
financial and technical management of 
fish culture projects to  be decentralized. 
Funds should be allocated to project 
directors. This decentralization will have 
to  be accompanied with regular technical, 
administrative and financial evaluations. 
Stringent management practices will also 
be required from project directors. 
All these constraints bring forth the 
basic issue of the relevance of  new  per- 
spectives and efforts in fish farming. 
In the Senegal river basin, the production 
from inland fisheries has strongly declined 
and no longer  satisfies  the protein 
requirements of the local populations (Diouf 
et  al. 199  1 ). A solution to this problem 
would  be to improve the distribution 
channels of marine fish by reinforcing the 
road infrastructure and the  processing and 
storage facilities for fisheries products. 
However,  this solution may  not be 
achievable in  time. For  example, the 
Senegalese population  is  continuously 
growing, and although  resources are 
currently well-managed, they will not be 
able to respond to a considerable increase 
in population and may collapse as  a result (Bakhayokho et  al. 1985).  It is  therefore 
to  be expected that in some  years, marine 
Fisheries will no longer be able to  satisfy 
the demand in  fish. The price of marine 
fish is likely to  increase, thereby increasing 
the competitiveness of cultured fish  on 
the markets of the Senegal river basin. 
The price of  meat, which could re- 
place fish, is relatively high and out of 
reach For  most rural people. 
This new scenario seems  to  encour- 
age the development of  fish culture, 
which should be further improved by a 
sufficient and regular supply OF water 
from the dams. 
It would be  therefore sensible  to  pre- 
pare the  grounds for such development 
by  establishing experimental and re- 
search structures that will help develop 
efficient  fish  farming methods. This 
period, likely to last five to 10 years, 
will determine the Future success  of fish 
farming. 
This approach will prevent the basic 
error that has been committed from the 
beginning OF Fish  culture development 
in  the Senegal river basin, namely, to 
give production  precedence over re- 
search.  This attitude was  dictated by the 
conviction of fish culture developers  that 
techniques developed in other countries 
could be directly transferred to  Senegal. 
Experience has shown that the local di- 
mension of  fish farming is very impor- 
tant: farming techniques must be  adapted 
to  each environment. 
The choice of the  type of  fish culture 
to be developed in  the Senegal river 
basin is crucial for determining the  suc- 
cess of  future developments. Subsist- 
ence  aquaculture is unlikely to  succeed. 
The level of technicality required to  de- 
velop fish  farming makes subsistence 
aquaculture economically unattractive 
(Lazard et al. 1990).  This explains  why 
Farmers rapidly lose interest in this kind 
of operation. 
Concerning industrial fish culture, the 
experiment showed that most opera- 
tions of this type have failed, the pro- 
duction costs remaining substantially 
higher than market prices (Lazard et  al. 
1990). 
The type of fish farming that presents 
the best chances of success is certainly 
artisanal fish farming: small-scale com- 
mercial production, integrated with ex- 
isting agricultural farming systems. This 
type of  operation presents the advan- 
tage  of providing farmers with additional 
income while not requiring large invest- 
ments. 
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Abstract 
Oreochromis  mossambicusand 0. niloticuswere introduced into Bangladesh in 1954 and 1974. respectively, 
but were not well established as  cultured species due  to poor management. The stocks have been mixed. 
A new Founder population of  0.  niloticuswas introduced from Thailand in  1986 and studies were undertaken 
for developing management practices for its culture in seasonal ponds and ditches. Thls paper describes 
the production economics of 0. niloticus culture in  these small waterbodies under different feeding and 
fertilization  regimes.  Production and benefits were high using oil  cake and rice bran  as supplementary 
feeds, but the shortage and high cost of oil cake probably preclude its use in tilapia culture in the near 
future. Problems encountered in the management of perennial ponds are discussed and the potentlal of 0. 
niloticus culture for improving household incomes and nutrltlon in Bangladesh Is  assessed. 
Introduction 
Fish  is  the main animal protein source 
for the people of Bangladesh contributing 
71% to their total animal protein  intake. 
Bangladesh is  a least developed country, 
one-third of which is  inundated for about 
six months a year. In  spite of  its vast wa- 
ter resources,  inland  fish  production  in 
Bangladesh is very low. The low per caput 
fish  consumption of 7.5 kg.year-' (World 
"ICLARM Contribution No. 846. 
Bank 1991)  has  led to protein malnutrition, 
especially in rural areas. 
Indian and Chinese carps are the main 
specles used for culture in freshwater ponds. 
In  addition to over 1.3 million  perennial 
ponds covering some 146,000 ha, there 
are many small seasonal ponds, ditches, 
borrow pits and roadside canals in  rural 
Bangladesh. These retain water for periods 
ranging from four to seven months. Most 
households in rural areas possess backyard 
ponds or ditches, which are rarely utilized 
for aquaculture, as  farmers think that these are not suitable  for traditionally cultured 
species, especially Indian  and Chinese carps. 
To develop these small waterbodies for 
productive fish culture, research has been 
undertaken at the Fisheries Research Insti- 
tute, Mymensingh to  identify suitable species 
for short cycle aquaculture, and develop 
low-cost management systems For optimizing 
production.  Nile tilapia (Oreochromis 
niioticus), a hardy fish that can survive in 
shallow and turbid water conditions, and 
a good  converter of  organic matter into  high 
quality proteln (Stickney et al. 1979; Pullin 
and Lowe-McConnell 1982)  has been iden- 
tified as one potential species. 
0.  mossambicus was introduced into 
Bangladesh in  1954  and 0. niloticus in 1974. 
In  spite of their long history in the coun- 
try, neither species became established in 
aquaculture, as there were no  effective ma- 
nagement guidelines (Hussain et al. 1989). 
Stocks of the two species became mixed 
and, thereFore, a new founder stock of 0. 
niioticus  was imported from Thailand in 1986: 
the Chitralada strain of Egyptian origin. 
Studies were undertaken on-station and on- 
farm, with the participation of farmers, to 
evaluate the production potential of 0. 
niloticus in  small seasonal waterbodies under 
different feeding and fertilization regimes 
(Hussain et al.  1989).  The results of  these 
studies are presented in  this paper. 
Materials and Methods 
Studies were carried out in 280-m2  ponds. 
with  an average water depth  of 1 m, using 
fingerlings produced from the Chitralada 
strain imported from Thailand. Culture of 
0. niloticus was tried using two systems: 
(1) fertilization of ponds without supple- 
mentary feeding and (2)  supplementary feed- 
ing  without fertilization of  ponds. Two sup- 
plementary feeds were tried, one consist- 
ing  only of rice bran and the other consist- 
ing of rice bran and mustard (Brassica 
campestris) oil cake in  the ratio of 3:2  by 
weight. All  treatments had three replicates. 
Table 1 summarizes the treatments used. 
Pond preparation for all treatments in- 
cluded prior draining of the ponds and 
application of lime to the pond bottom at 
the rate of 250 kg.ha-I. Three days after 
liming, the ponds  were Filled with  ground- 
water and fertilized with cattle dung and 
inorganic fertilizers (urea and triple super 
phosphate [TSP] in a 1  :2 ratio) at the rate 
of 750 and 25 kg.ha-', respectively. Five 
days after fertilization,  the ponds were 
stocked with 10  to I  I-g 0. niioticus fin- 
gerlings at 20,000 fingerlingsha-' .  For Treat- 
ments 1 and 2 that used supplementary 
feed, Feeding was done six days a week at 
the rate of  545%  of  the estimated fish biomass. 
For estimating the feeding rate, the ponds 
were netted at monthly intervals and 10% 
of  the fish was sampled. From this, the fish 
biomass in the pond was estimated and 
the feeding adjusted at monthly intervals. 
Fertilization of Treatment  3 was done at 
weekly intervals, with  cattle dung  and inor- 
ganic fertilizers (urea and TSP in  a  1:2 ra- 
tio), at the rate of  750  and 25 kgha-'.week-', 
respectively. Two months after stocking  and 
every two  weeks thereafter, fry produced 
in the ponds were removed using a fine 
mesh seine net to reduce competition for 
food. The ponds were.harvested after six 
months rearing and the production esti- 
mated. 
On-  farm Trials 
On-farm, farmer participatory trials were 
carried out in  six formerly derelict seasonal 
farm ponds of 80-1  20 m2  individual size. 
The water depth in these rainfed ponds  varied 
from a maximum of I  m during rainy sea- 
son (June),  the depth decreasing over time 
and Finally drying by December-January. 
Before the onset of the rains,  the ponds 
were cleared of weeds and lime was ap- 
plied at the rate of 200 kg-ha-'.  After rain Table  1. Productloh (kg-ha-')  of Nlle tilapia (Oreochrom/s niloticus) stocked at 20.000 flngerllngs-ha-' in trlpllcate 280-m' 
ponds after six months farming with different feeding and fertlllzation treatments. For Fuller details of treatments. see text. 
The data presented are the means of trlplicate ponds. Ranges are between parentheses. 
Treatments  Production 
Average  Market- 
size at  Feed  Undersize  size 
Treatment  stocking  Supplement  convcrslon  Fish  fish 
no.  (s)  Feed  Fertilizers  ratlo  (< 80  g)  (>  80  g)  Total 
1  10.5  Rlce bran 
2  I I .O  Rice bran 60% i 
mustard oil 
cake 40% 
3  10.5  Cattle dung.  627  883  1.510 
urea and TSP  (586.489)  (775-1.068)  (1.382-1.757) 
filled the ponds, 5-10 g fingerlings, pro- 
cured by  Farmers who have perennial ponds 
and were raising the Chitralada strain, were 
stocked at the rate of 20,000.ha-'.  The ponds 
were divided into two groups: For  the First 
group, pond owners were asked to ferti- 
lize the ponds with inorganic fertilizers, u- 
rea and TSP  (1  :2  ratio) at the rate of 25,kg. 
hae'.week-',  whereas the other three pond 
owners were asked to fertilize the ponds 
with  cattle dung at the rate  of  750 kg, 
ha-w weel<-'. This use of two fertilizer treat- 
ments was chosen because some farmers 
have easy access to cattle dung and its use 
can be considered a maximum use of  on- 
farm inputs, whereas the other Farmers do 
not have access to cattle dung and its trans- 
portation From  distant places is difficult. In 
view ofthe small quantities needed per pond, 
these latter Farmers preferred to use inor- 
ganic Fertilizers-urea  and TSP.  Despite 
following these preferences, farmers could 
not strictly adhere to suggested rates of 
fertilization and feeding, hence the wide 
variation in  use of inputs from pond to pond. 
All  the pond owners were asked to feed 
the fish daily with rice bran  at the rate of 
5%  of  the estimated fish biomass. The cul- 
ture periods ranged From  Four  to six months, 
depending on the duration of water reten- 
tion in the ponds. The ponds were harvested 
when the water depth went below 30 cm. 
Results and Dlscusslon 
Table  1  gives the production obtained 
for the three treatments. Fish  of  less than 
80 g  were treated  as undersized  and 
marketed at low prices. 
In  the financial analysis presented in Table 
2, the cost of  production (excluding pond 
rental and labor) was lowest (Tk 17,200-ha-') 
for Treatment 3 (Fertilization, no feeding). 
However, net profits  were higher with 
supplementary feeding. Getting an increased 
net profit of Tk 4,361  .ha-',  through inclusion 
of  mustard oil  cake in  the feed, required 
an  additional  production  cost  of  TI< 
24,199.ha-I,  a high investment For  a small 
increase in net profit. Thus, of  the treatments 
tried, Feeding with rice bran appeared to 
be  a more economical operation with  a 
benefit:cost ratio of  2.50, as against 1.4  1 
with  fertilization and 2.07 with  rice bran 
and mustard oil cake as supplementary Feed. 
Also, the use of oil cake as supplementary 
feed in 0.  ni1oticusculture would be beyond Table 2. Financial analysis (in  Taka) of Nile tilapia (Oreochmmis  niloticus) stocked at 20,000  flngerlingsha.' 
in 280-m2  ponds and farmed for slx months under different Feeding and fertilization treatmehts. The data 
presented are averages of  three ponds per hectare. 
Treatment 2  Treatment 3 
Treatment  1  Supplementary  Supplementary 
Supplementary  feed: rlce bran +  feed:  nil 
Feed:  rice bran  mustard oil cake  Fertilization: 
Fertlllzation: nil  Fertilization: nil  Organic + inorganic 
Operational Costs: 
1. Pond preparation 
-  Lime 
-  Cattle dung 
-  lnorganic fertlllzer 
2. Fingerlings (nos.) 
3.  Feed and Fertilizers 
-  Rlce bran 
-  011  cake 
-  Cattle dung 
-  Inorganic fertilizer 
Total operational costs (Tk) 
Gross production (kgeha'') 
Gross  sales (@ Tk 35 kg-') 
Net profit 
the means of  most poor rural farmers, due 
to the high price of  oil cake. 
Proctuction after four to six months (Ta- 
ble 3) ranged from 1,500  to 2.343 kgeha-' 
with use of  inorganic fertilizers, and from 
1,441 to 1,925 kg.ha-' with cattle dung. It 
is difficult to assess which fertilizer was more 
effective in  increasing production, as the 
farmers did not adhere to suggested prac- 
tices. Whereas the farmers applied inor- 
ganic fertilizers in  excess (1  25-3 16%) of 
suggested rates, in  the case of  cattle dung, 
application was very low (6-21%)  as corn- 
pared to the suggested rate (Table 3).  Use 
of  supplementary feed (rice bran) was also 
very low and varied from  pond to pond. 
In  view of  this, it  is difficult to draw con- 
clusions as to the efficiency of fertilizers 
used in increasing fish production. 
In spite of  these variable and generally 
low inputs, production of  1,441 to 2,343 
kha-I,  obtained in four to six months rearing, 
can  be considered high as compared to the 
100-200 kg.ha-' of  wild fish that the farm- 
ers were formerly harvesting from  these 
ponds. The  average cost of  production 
worked  out to Tk  11  -73,kg-I of  fish  pro- 
duced, against a sale price of  Tk  35.kg2', 
indicating high profit margins. Table 3. On-farm culture trials of Nile tllapia (Oreochromis nibticus) stocked at 20,000 fmgerlings.ha-I In 
small, formerly derelict ponds, using different Fertillration treatments and dally Feeding with rice bran whenever 
possible. For further details, see text. 
Culture  Fertilizers  Fertilizers  Average size 
Pond size  Fertilizers  period  suggested  actually applied  at harvest  Gross production 
(mZ)  applied  (months)  (kg/pond)  (kg/pond)  (g)  (kghond) 
80  Urea + TSP  6  4.8  12.0  82.2 
120  Urea + TSP  6  7.2  11.5  89.0 
80  Urea + TSP  4  3.2  4.0  95.7 
120  Cattle dung  4  144  9.0  97.2 
120  Cattle dung  6  216  45.0  98.1 
120  Cattle dung  4.5  162  34  126.0 
About 5,000 farmers have now  adopted 
0,  niloticus culture in their homestead ponds. 
A  sample survey covering 11  3 farms re- 
vealed an average production of 1.4 t.ha-' 
in six to  eight months rearing, with a pro- 
duction cost of  Tk  6.60.kg-' (Gupta et al. 
199  1 ; Gupta 1992).  The low cost of pro- 
duction was due  to  the very low levels of 
inputs used by farmers. Seventy per cent 
of such Fish, produced on farms, are con- 
sumed by households, thus improving the 
nutrition and health of Farm  families. Av- 
erage  production of 0.  niloticus from a pond 
of  only 170  m2  -the  average size of ponds 
covered by the  survey-was  23.5 kg, which 
is almost equivalent to  the national annual 
consumption of fish  by  low-income rural 
households  with six family members (World 
Bank 1991). 
One  of the  problems encountered by the 
farmers, especially in ponds which are ei- 
ther perennial or hold water For  longer periods 
of time (more than six months), is  that of 
breeding and overpopulation, leading to 
the  stunted growth of fish.  This inhibits the 
culture of  0. niloticus in perennial ponds. 
Studies are in progress to  address  this is- 
sue  through introduction of carnivorous Fish 
into the system. 
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Abstract 
Aquaculture development initiatives have often emphasized the need for  African  farmers  to 
Integrate this activity in their farming system. Aquaculture (as can be observed in  Southeast Asia) 
should have evolved alongside ongoing development processes, and even become the catalyst of 
a reorientation of agriculture (from shlftlng to fixed). The objective of this article is to contribute 
to the development of thls dynamic in Africa. 
This objective has practically never been achieved and some of the reasons for this failure are 
obvlous: farmers were consldered incapable to innovate and irrational in their choice of economic 
strategies. Moreover, the socioeconomic constraints of the farmers were totally unknown, and the 
Internal economic systems of the rural development projects masked the need to propose a productlon 
unit,really accessible to them. Aquaculture development remains a current concern. 
Soclal sclences use many tools to understand farmers' strategles. Here, Farmers are consldered 
as economic agents whose rationallty Is explained essentially by their socioeconomic environment 
and the environment that they develop. 
The relevance of this analysls Is tested against a concrete case: the forested areas of Midwestern 
Cdte d'lvoire where this approach has been applied for the past five years and Is glvlng lnterestlng 
results. We begin with a rapid description of agriculture in terms of agrarian systems. Thls description 
emphasizes the agricultural dynamics referring to a typology of farming systems where flsh culture 
is considered only on the basis of the constraints that it  can help to eliminate. The work productlvlty 
in aquaculture is compared to that of other agricultural undertakings. Fish culture is considered by the ru- 
ral  populations of CGte  d'lvoire as a 
possible variant of the farmer's strat- 
egy to minimize expenses in  animal 
proteins intended for consumption, to 
increase or maximize income and to 
diversify agriculture (Koffi 1989).  From 
the socioeconomic perspective, fish 
culture development in  Africa should 
therefore be considered  in  terms of 
economic  efficiency and opportunity  cost 
of the  agricultural inputs, of accessibility 
and  efficiency of the  production systems, 
and of protection against risks and un- 
certainties. 
FJnancial and Economic Efficiency 
of  Fish Farming Systems 
Financial and economic efficiency is 
appreciated  both  from the micro- 
economic  (at  the farmer's level) and the 
macroeconomic perspective (at the 
community or State level). Financial 
analyses assess the systems' financial 
efficiency for  the Farmer while economic 
analyses measure  the  contribution of  fish 
culture to  national revenues (gross  do- 
mestic product or GDP). Economic 
analyses  are absolutely  necessary 
because grants and other economic 
policy measures  adopted  to  protect the 
producers, by virtue of the thesis of a 
developing industry, are  costs  supported 
by the  taxpayers at the national level. 
These grants have in  general become 
chronic expenses without which the 
industry cannot survive. The progres- 
sive disengagement  of the  State  demands 
that economic evaluations be made. 
Koffi  (1989)  assessed the economic 
efficiency of  Oreochrornis ni/oticos 
monosex farming as  against mixed-sex 
farming in  C6te d'lvoire.  In  addition, 
the author reported that organic ferti- 
lization using wet pig manure contrib- 
utes to a  substantial increase in  pro- 
ductivity without increasing production 
costs (under the  current market condi- 
tions for this production  input). This 
partly explains the  economic  efficiency 
observed in the  rnonosex culture  OF 0. 
niloticos using rice bran as Feed and or- 
ganic fertilizers on farms  supported by 
a light, autonomous, extension struc- 
ture (Tables 1 and 2). 
In  Fact,  the desired privatization  of 
the production of nutritionally efficient 
feed (3A feed for examplea) should 
contribute to  a satisfactory increase in 
productivity to compensate for the  State 
grant, and to obtain a cost price that 
would not be prohibitive for fish Farmers 
(lower or  equal to  SO F CFAbper  kg for 
the 3A feed while it is  currently over 
80 F  CFA  [Lazard  et al.  199  I]). 
Comparative Economic and Financial 
Ratios in the Use of  Production 
Inputs between A quacuiture 
and Irrigated Agriculture 
The results of the financial analyses 
tend to be optimistic regarding the 
possibility of  developing monosex tilapia 
farming systems in inland environments. 
However, fish culture can be accepted 
in rural environments only if  the finan- 
cial  and economic ratios  compare 
favorably with those estimated for other 
irrigated agricultural undertakings. 
Monetaly Product per 
Unit of Production 
In general, the undertakings that are 
competing with fish culture for land use 
"The 3A feed Is produced by the Rural Fish Cul- 
ture Development Project. It is conposed of 10% 
fish  meal.  20% cottonseed  cake  and  70% rice 
white shorts with a protein content of approxi- 
mately 25%. 
WS$1=300 F  CFA in 1991, currently 600  F  CFA. Table  1. Economic efficiency ratios for dlfferent flsh culture models developed in  Cdte 
d'lvoire (Koffi 1989). 
Models  Ratios  Average farm 
(mean)  (ST) 












ST:  Standard deviation. 
NP/T:  Net profit per  100 m2  per year in F CFA. 
DWR:  Daily work remuneration and family management In F CFA. 
RRC:  Rate of return of capital. 
RRA: Rate of return of assets. 
Model Mi:  Heavy support structure, control fish farmers in Bouake, monosex male tilapia, 
predators: Clarias, 3A feed. 
Model M2: Control fish farmers in  Daloa, heavy support structure, monosex male tllapla, 
predators: Clarias, rice bran. 
Model  M3: Heavy support structure (PAPU CD), monosex male tilapia, predators + polyculture 
of Hererotis and Hererobranchus  Isopterus Integrated wlth pig-rearing for organic fertilization. 
Table  2.  Economic profile of the dlfferent flsh  culture models developed in CBtc d'lvoire  including 
support and extension  costs. 
Type  NEP/100 rnZ  Balance/ 100 rnZ  Balance/ 100 rn2  Balance/ 100 rnZ  Total  Balance 
of support  Support  Feed  Material  extenslon 
structure  structure 
(1)  a  b  c  e=a+b+c  (1  )-e 
NEP/100 in2:  Net econornlc profit. 100 m2.year-'  In F CFA. (lowlands)  are essentially irrigated rice, 
maize and vegetable crops. 
Comparison of the monetary products 
indicates that efficient fish culture models 
(Table 1)  make a more efficient use  OF 
land than  irrigated  rice  (904-2.204 
F  CFA. 100  m-2.year-'  according  to 
SATMACI and CIDTc) but not as  efficiently 
as some vegetable  crops (1  7,277 
F  CFA. 100 m-2.year-' for  tomatoes 
[Kinimo 19881). 
It is worth noting that the studies on 
vegetable crops have an anticipatory 
character. The models that have been 
analyzed have the disadvantage of not 
integrating all the socioeconomic con- 
straints that are specific to the target 
population. Ratio estimates are some- 
times biased estimates compared to  the 
real performances of the farmers. 
Efficient  Use  of  Labor 
In  terms of the efficient use of fami- 
ly labor, monosex tilapia culture mod- 
els associated or not with predators and 
integrated with  a  variety of  animal 
farming models compare favorably with 
food crops. 
Ratios estimated by RuF  (1982)  for rain- 
fed  rice (5  12-  1,108  F  CFA.day7') and 
yam (670-1,108 F CFA.day-') indicate 
a lower economic efficiency compared 
to eFFicient Fish  culture models. 
Investment Return 
The rate of projected average economic 
efficiency is  17% for rural development 
projects funded by the World Bank and 
particularly intended For  small-scale farm- 
ers and the rural poor (Gittinger 1985). 
'SATMACI: Center of Technical Assistance for Ag- 
ricultural Modernization in  Cbte d'lvoire: CIDT: 
lvorian Center for Textile Development. 
Economic efficiency reaches 20% for all 
other categories of agricultural projects. 
The minimum acceptable rate is  10%  In 
most developing countries. The most 
efficient fish farming models give a higher 
economic efficiency rate for the  farmer's 
own capital and assets: this rate is also 
higher than the  traditional bank savings 
interest rate. 
Note however that informal credit is 
practiced under conditions considerably 
more profitable than fish culture. This 
informal credit system or "margouillat" 
is widely practiced in  urban areas and 
is accessible at  a nominal interest rate 
of 30% per month. 
Accessibility and Efnclency 
of  the Different  Systems 
Aside from the models that consider 
financial and economic efficiency, there 
are other models that are effectively ac- 
cessible to  individuals from modest, even 
deprived populations. 
The promotion of models that make 
use of production inputs accessible and 
available under conditions allowing 
production at  a competitive cost price 
is highly advisable. For this, production 
inputs that are locally  available For 
possible  use in  fish culture must be 
inventoried. The model must not be 
capital-intensive, i.e., it must encourage 
the use of labor as opposed to  capital. 
In African rural environments, the most 
scarce production input is capital. Yet, 
the most efficient systems are those 
making  intensive  use of  the most 
abounding production  inputs, in  this 
case, labor. 
The chosen systems must therefore 
rely  on productive combinations that 
take into account the limitations in 
production factors (financial, labor, land 
and marketing constraints). Regarding 
Financial constraints, models requiring an important working capital are not 
suited for rural development. 
Between two possible choices, it is 
socially more interesting  to  choose rno- 
dels entailing no specific advantage for 
financially better-off groups. Failing this. 
fish culture would contribute, at best, 
to  improved protein availability; but this 
would also intensify social inequalities 
in income distribution. 
Protection against Risks 
and UnceMntks 
The risks related to  fish farming sys- 
tems also constitute a fundamental cri- 
terion in the choice of technical mod- 
els. Those involving lesser risks are pre- 
ferred. 
From the technical perspective, the 
choice of carnivorous fish associated with 
tilapia is justified. Their use eliminates 
the risk of suspending production of 
sexed tilapias due to the proliferation 
of fry  (linked to unavoidable sexing 
errors). This occurs frequently as soon 
as  control harvests are no longer or 
poorly performed. 
In  addition, in order to  consider fish 
culture as an element of a strategy for 
diversifying sources  of income, there 
must not be any positive correlation be- 
tween its risks (risks with prices, yields 
and stocks)  and the risks involved in 
the farmers' other traditional activities. 
For example, a fish farm depending on 
agricultura! returns, on salaries or on 
State grants, will not survive the haz- 
ards associated with these activities. 
The analyses referred to earlier can- 
not  alone define the model to be adopted 
as  major constraints are not taken in 
account (land tenure and dominant 
groups).  It  is  necessary  to  do  a 
comprehensive analysis of  the agrarian 
system to understand the agricultural 
society at the regional level. On the other 
hand, using this approach contributes 
to the identification of target catego- 
ries based on the farming system dy- 
namics, and to  the definition of the type 
of  fish production units to  be integrated 
in  the development of  these farming sys- 
tems. 
Conditions for the Integration of Fish 
Culture in Farmer  Dynamics  (Case 
of Midwestern CGte  d'lvoire) 
Too  often,  the  farming world  is 
considered  homogeneous,  and only 
personal qualities (such as the ability 
to  do  physical  work,  intellectual 
aptitudes, level of education, etc.) are 
considered to  explain the quality of  the 
relationship with the support structure. 
Taken exclusively, these qualities do  not 
explain the rationality of the farmers' 
choice. 
The consideration of  the socioecono- 
mic environment automatically leads to 
the definition of target categories. If  con- 
ducted properly, this analysis should 
partly explain why some groups succeed 
where others generally fail.  It is also 
important to  indicate that these criteria 
are only trend indicators. The concept 
of target categories, in  order to  become 
a relevant tool, should be developed 
in  concert with socioeconomists and the 
support structure. 
Any approach emphasizing the dy- 
namics of rural development must rely 
on a socioeconomic analysis of the 
history of agriculture in order to char- 
acterize the region's specific agrarian 
system. Agricultural or even fish farm- 
ing practices are not reduced to their 
sole productive dimension, but are also 
considered as social practices. One  of 
the instruments of this approach is the 
deFinition of farming groups (typology) 
within which access to production in- 
puts is comparable, the reproduction 
of their activity being limited by the same 
constraints. Farms of a similar type will adopt similar behaviors towards certain 
constraints, the  same  issues determin- 
ing the Framework for their reproduc- 
tion. 
The challenge that farmers from the 
Midwestern region are faced with Is 
analyzed hereafter. 
Brief Historical Background 
The agriculture of  the t3~5tPwas  in- 
tegrated fairly late in the  economics of 
plantation, this being attributed to  his- 
torical factors (linked particularly to  colo- 
nization: Dozon 1985;  Ruf  1988). 
The determining factors of this evo- 
lution are basically twofold: 
-  independence, with its slogan "land 
belongs to  those who till  it"; and 
-  the excellent remuneration, from 
1965 onwards, afforded by cocoa and 
also by coffee compared to  other pro- 
ductions. 
These conditions, coupled with low 
densities of indigenous populations and 
the often loose control of  land tenure, 
contributed to  mass immigration from 
the 1970s,  the immigrant population 
today outnumbering the B6t&'s, 60% 
against 40%. This recent immigration 
has resulted in the  constitution of  three 
subgroups of populations whose eco- 
nomic behaviors are different: 
- indigenous populations (Bet&); 
- immigrants from Central CBte d'lvoi- 
re (Baoule);  and 
- Immigrants from Northern  C6te 
d'lvoire (Dioula, Burkinabe, etc.). 
The third group  has sometimes  come 
as  manual laborers and bought land or 
plantations (Forget 1982: Ruf  1984).  Be- 
yond this classification, farming systems 
(rotation cropping, production ratios and 
division of  labor) have been organized 
"Ethnic  group from Midwestern Cdte d'lvoire. 
around coffee and cocoa plantations, 
and Family  incomes depend to  a major 
extent on the sale of  these produce. 
As a consequence of  this evolution, 
two Factors are at  present determining 
the organization of farming systems: 
- the labor invested or "tree capital" 
and the labor available on the Farm, and 
therefore the type of plantation; and 
- the availability of  land  (available 
fallows, lowlands, forests, plantations, 
etc.) (Ruf 1987). 
Recently, the  sharp fall of the coffee 
and cocoa markets, and the many 
problems affecting the  marketing of these 
commodities have resulted in a loss of 
interest for this type of  culture, and have 
plunged this agrarian society in  an 
unprecedented crisis, questioning the 
relevance of  the establishment of  fu- 
ture plantations. 
Moreover, as  the "black" forest has 
almost totally disappeared, land becomes 
a  limiting factor:  certain  regions are 
already experiencing relative  land 
saturation. 
Classlflcation (Typology) 
Many types of  farming systems or 
typologies exist in  Midwestern CBte 
d'lvoire  (Forget  1982; Forget  and 
Chatellier 1984: Ruf  1985, 1988).  These 
emphasize the  dynamics of the  produc- 
tion system in  order to facilitate the 
possible integration of fish culture. Given 
this framework, five types of  Farming 
systems have been identified  (Table 3): 
Type  I. This type encompasses a 
number of  large capital-intensive farms 
relying on an initial capital that is  not 
generated by agriculture. These farms 
cover more than ten hectares in plan- 
tations composed of  a combination OF 
one  or several other crops: cacao, cola, 
coffee, rubber tree, coconut, even mecha- 
nized food  crops or extensive husbandry. Table  3. Typology of the agricultural  undertaklngs  In  Midwestern C6te d'lvolre. 
Type  Size  and  Characteristics 
crops 
1  Several  tens  of  hectares 
Z  Ten  hectares  of  plantations 
Several  hectares  OF 
food  crops 
Approach  external  to  farmer's 
logic 
Land  control 
Efficient  use  of  labor 
In  plantatlons 
A  few  hectares  of plantatlons  Limited labor  force 
0.5 or  1  ha of  plantatlons 
many  annual  food  crops 
0.5 or  1  ha of  plantations 
many  annual  food  crops 
Future  availability 
of  land  (youth) 
Evolution  towards Type  2 
Limited access to  land 
No  investment of  labor 
possible  in  plantations 
5  No  land  ~abor  for  sale 
Type  2.  These are large plantations 
(approximately 10 ha). They are com- 
posed of immigrants, who successfully 
mobilized an important work force when 
the land was available, and indigenous 
populations who have lived  on  these 
lands for a long time (former heads of 
family or village chiefs). 
These plantations  are all  character- 
ized by  an easy access to an extensive 
labor force either through  bonds that 
farmers have kept with their society of 
origln (immigrants) or through the sale 
of  land by  indigenous populations who 
accumulated enough capltal to hire paid 
workers. These farms are characterized 
by  coffee-cocoa plantations and the sub- 
sistence farming of food crops. 
Type 3. These are small-scale farms 
that have limited access to labor and. 
because of  this, have developed only 
a limited surface of  plantation. The deficit 
can be of  several origins: an old planter 
having long been the "little brother" of 
a large planter, or a laborer having had 
late access to land, for example. 
This limited work Force is more effi- 
ciently used  in  extensive plantation 
activities at the appropriate periods: 
gathering, cleaning of  plantations during 
the low  season for  food crops, for 
example. 
Type  4. These are indigenous small- 
scale farms with a structural surplus of 
labor that can only be used in  the culture 
of  food crops (access to plantations and 
to foreign labor is  limited). 
However, these farmers can have ac- 
cess to fallows or to lowlands for the 
culture of  annual  crops. As  the work 
factor cannot be invested in  plantations, 
it Is Invested in food crops and cotton. 
Following the decrease in cash crop rev- 
enues, this group of  farmers is currently 
divided into two subgroups: 
4-1. Those who, after receiving an in- 
heritance (from the immediate Family), 
possess or will  possess an  important 
piece of  land from which they can earn 
a profit (they can, for example, rent it 
in  exchange for services). 
4-2. Those who only possess limited 
land  and  who  work  outside. They 
cultivate several annual  crops on  the 
same plot (example: rice-cotton; rice- 
maize-cassava).  These limited land areas do  not allow them to  "invest" their work 
in a permanent plantation. 
The close relationship between mar- 
riage and access  to  land ownership must 
be emphasized. The land of a married 
man will  not be questioned, which 
frequently occurs in  the case of  an 
unmarried young  man (Dozon 1985;  Ruf 
1988).  The head of a family is granted 
the right to  land ownership by the vil- 
lage folks and his farm also benefits from 
additional labor. 
Type 4 is  found in  areas dominated by 
BaoulC and Mossi (Burkinabe)  populations 
and where there are no more Forests to  clear; 
however, this needs to be confirmed. 
Furthermore, as  long as  land was not 
a limiting factor, Type 4 transformed itself 
into a Type 2 farm. The lower remunera- 
tion for work guaranteed by cash crops 
and the growing scarcity of  available 
land have combined to  keep this group 
away from the plantations. 
Type 5. These are the last migrants 
who will no  longer have access to  land 
ownership and only have the usufruct 
from one plot cultivated with food crops 
for their own food requirements. This 
arrangement is  part of  the rernunera- 
tion for their work. 
Young BGtes, employed by Type 2 
production units and waiting for their family 
situation to evolve,  are temporarily 
integrated in Type 5 and evolve naturally 
towards Type 4. 
It should be emphasized that this rapid 
presentation cannot explain the  evolution 
of  the B6tg populations, particularly their 
transition from Type 2 to  Type 3, Type 
4- 1  to Type 2 or  Type 5 to  Type 4. In 
Fact, this evolution depends on the family 
organization (extended or immediate 
family) and on the function and role 
ascribed to  each member of the family. 
The fact that Type 4 is distancing itself 
from Type 2, and seeks to constitute 
an independent production unit, can be 
partly explained by  the relationship 
exlsting between young and older 
persons. 
It is still unclear which among these 
systems is  likely to integrate fish cul- 
ture as  a technical innovation supported 
by farmer dynamics, and therefore, the 
major characteristics of fish culture as 
production workshop. 
It should also be reminded that in this 
region, the demand for fish is  high. Fish 
being the primary source of protein For 
planters, local opportunities do  exist. 
Investing in this activity requires labor 
and vast amounts of money compared 
to farmers' income. The establishment 
of several farms by young people shows 
that such investment is  accessible to 
all categories. This type of investment 
also requires access  to  land, and although 
the areas available are limited, land can 
be found in the lowlands which are not 
coveted by the plantations located in 
the uplands. 
Farming operations require an im- 
portant labor investment distributed 
throughout the year. 
Efficient use  OF labor depends on the 
sources of  production inputs: when 
conditions are suitable for rice bran, labor 
usually costs  approximately 3,000  F CFA 
per day. 
Consequences  of this CIassincRflon 
It is  clear that all categories with lim- 
ited access to  labor force, although such 
is  used as efficiently  as possible by 
extensifying work on the plantations, can- 
not reduce it further. 
The recent decline in purchasing power 
does  not allow even Type 2 to  farm fish 
using cash. 
In  a  region where land tenure is 
dominated by Bete populations, the only 
categories that can undertake fish culture 
are Types 4-1, 4-2 and 5. 
The instability of Type 5 and the  avail- 
ability of land  in  Type 4-1  contribute to  make Type 4-2 the most suitable group 
to establish a fish culture unit. 
Comparison with the Actual  Situation 
The  Daloa Periurban Fish  Culture 
Project (PAPU-CD) has  been support- 
ing eight young BCtC  fish farmers es- 
tablished in  the bush. 
Group 4-2 is composed of four fish farm- 
ers. In general, these farmers have built 
most of their farms  by themselves and 
are ready to invest more work. In  Zalihouan, 
the flsh farmer is expanding his farm;  in 
Bolia, he is rearing rabbits to fertilize his 
pond  and has accepted to  experiment with 
acadjas; in Nioubuoua, the farmer has in- 
tegrated rabbit culture with fish culture; 
and in  Tahiraghue, he is interested in  de- 
veloping a new acadja. 
Group 4-1  is represented by a fish 
farmer in Bla, who, following the recent 
death of his father, now  belongs to  Croup 
2. The  ponds were entirely built by 
laborers and are now in  a derelict state. 
Group 3 is represented by a fish far- 
mer in Zakoua who has  entirely sub- 
contracted his undertaking to  contract 
workers. 
Group 2 is represented by a fish far- 
mer  From  Zakoua  and  one  From 
TchCbloguC (the latter is a particular case 
as most of  his plantations have burned 
down). 
The motivation of  Group 4-2 is explained 
partly by the fact that fish culture consti- 
tutes an alternative undertaking by mak- 
ing  more efficient use of the available pro- 
duction inputs than in other undertakings. 
In addition, farmers are granted a social 
status that has become otherwise inac- 
cessible following the recent developments 
already discussed. To renounce fish cul- 
ture would be to renounce a social sta- 
tus equivalent to  that of  the planter. Here, 
the idea is to propose a technical model 
that is well-adapted to  this type, becoming 
an instrument For  social advancement 
(Oswald and Copin 1992). It should be 
emphasized that these young farmers who 
have limited access to  land, but are good 
resource managers, have been chosen by 
the Project since they were qualified to 
work on a relatively sophisticated tech- 
nical fish culture model. 
Based on these hypotheses, a tech- 
nical model is considered viable If it is 
characterized by the investment of  labor 
in  the fish culture undertaklng (in  Group 
4-2), which should allow the farmers 
to increase their investment, i.e.,  ex- 
pand the fish farm. A possible success 
scenario would be a technical model that 
gives access  to outside labor force, 
contributing to faster investment. If  these 
conditions are met, one will truly speak 
of rural Ash  culture development. As 
soon as  the economic conditions for 
reproducing such undertakings are met, 
the social appropriation of these tech- 
niques by fish farmers will have to be 
examined as well as  the spontaneous 
reproduction potential, in  order to  de- 
fine the most appropriate type of sup- 
port. 
Concluslon 
The  absence  of  a  real  rural 
development in  Afrlcan Ash culture must 
not lead to discouragement. It is clear 
that the farmer's situation is difficult to 
apprehend, as  reflected by the failure 
of many agricultural projects. However, 
in many cases,  the rapid evolution of 
agricultural practices show the capacity 
of  the farmers to  implement new systems 
of production.  Actions seeking  to 
mobilize this capacity of implementation 
must necessarily involve systematic 
research efforts on the efficient use of 
the production factors. These efforts are 
totally justified in  a mid-term perspective 
where fish culture can perfectly and 
naturally find its place. References 
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Abstract 
Over the past 30 years, no real national or regional research strategy seems to have been developed 
for the aquaculture of tilapia in subSaharan Africa. Research in aquaculture has always been very 
"opportunistic," malnly because of budget constraints. In some cascs, research components were 
included in important development projects,  but their biotechnical  bases were weak  and these 
companion research programs had to be discontinued. 
Also, research in  tllapla aquaculture has often been conducted independently of other research areas 
such as biology, agronomy, zoology and socioeconomics (farming systems) and mainly under the departments 
of forest and wlldlife research, a legacy of the colonial era. This type of research has very rarely been 
part of a global aquaculture development plan which, on  one hand, generally did  not exist. As a result. 
many aquaculture scientists on the continent are compelled to work in isolation, and their results have 
often little impact on development. Furthermore, basic research has  mainly been conducted with a 
vlew of developing intensive and/or industrial fish culture  which, in  most cases, does not conform with 
the technical and socioeconomic context prevailing on the African continent. 
These dlfferent conslderations are analyzed on the basis of  a number of examples. The interface 
research-development is studied with reference to "pilot" projects and companion studies.  To 
conclude,  proposals are made for the future in terms of the adequateness  between aquaculture 
development planning and fundamental and applied research strategies. 
Aquaculture Research 
(Particularly on Tllapia) In 
SubSaharan Africa 
Background and Current Situation 
The African continent has a long his- 
tory of  aquaculture research which began 
in  many countries before the days of 
independence. Research work then was 
mainly empirical and focused on applied 
research. 
The major research stations on the  con- 
tinent were the following: Djoumouna 
in Congo;  Landjia in the  Central African 
Republic; Foumban in  Cameroon; the 
Fish Culture Research Station in Bouake, 
CBte  d'lvoire;  Sagana  in  Kenya: 
Anamalazaotra and Arnpamaherana in 
Madagascar; Kipopo in  Zaire; Kajansi 
in Uganda; Chilanga in Zambia: and the 
Henderson Research Center in Zimba- 
bwe. 
The Bouake Station (now  the  IDESSA 
Fish Culture Center) and that of Chi-langa 
are the only stations which were able 
to continue their research work without 
interruption since their creation (in 1957- 
1958 for Bouake). Others conducted 
research occasionally when development projects included a research component 
(in Landjla, for example), usually funded 
by UNDP  and implemented by FA0  in 
cooperation  with  a European laboratory 
(Wageningen on Clarias gariepinus  at 
the Landjia Station, for example). 
Today, in  Francophone Africa, few re- 
search stations are really operational and 
able to  contribute to  development with 
real  scientific  and/or  technical 
innovations. Among the stations that 
are still active (invarying  degrees) are 
those implanted in CBte d'lvoire (the 
Oceanological  Research  Center  of 
Abidjan-Layo and the IDESSA Fish Culture 
Station in Bouake), the Djoumouna Sta- 
tion in Congo and the Foumban Station 
in Cameroon. 
Besides these stations, some university 
laboratories are also conducting research 
in  aquaculture  or  in  applied 
hydrobiology. 
Also, in addition to  the research done 
in these large experimental stations 
funded by national or international 
agencies, research (or researchers, mose 
specifically) is funded through a more 
flexible system developed 15  years ago: 
first through the International Founda- 
tion for Science (IFS),  Sweden, then 
through the International Development 
Research Center (IDRC), Canada. Fund- 
ing  by these organizations is in  the form 
of  research grants for speciFic scientists 
and projects that are carefully identi- 
Fied and limited in time. This type of 
financial assistance allows many research- 
ers to  develop research progiams  but 
not  to  set up a station or a laboratory. 
The  major problem facing African 
research is its sustainability: it is ex- 
pensive (as anywhere else) and research- 
ers are few. Another problem is to  decide 
whether research efforts should be fo- 
cused on basic or applied research, or 
both. Basic research can be developed 
only in  well-equipped laboratories and 
by highly trained scientists. 
h  temporary alternative could be to 
develop basic research on tropical 
species and basic issues in laboratories 
from the North while training African 
scientists,  and gradually transferring 
these research activities to  the South. 
The problem  usually encountered is that 
upon return to  their countries of  origin, 
these researchers hardly or no longer 
have access to the literature or the 
analytical tools they were trained with. 
The profession "aquaculture scientist" 
must be created in Africa. Concerning 
applied research,  it is usually closely 
associated with development and will 
be discussed later in  the section on Re- 
search 8, Development.  However, it 
should be emphasized that research and 
production are highly correlated: today, 
among  the  countries  of  black 
francophone Africa, CGte d'lvoire is  the 
country where aquaculture production 
is the highest and, at the same time, 
where research efforts have always been 
pursued and even intensified over the 
last years. 
Aquacu/ture Programs 
and Major Results 
The  major programs in aquaculture 
research developed so far on the conti- 
nent  and their most significant results can 
be summarized as follows: 
SPECIES 
Ti/apjas. Tilapia, originating from Africa, 
is the species that is most commonly stud- 
ied, constituting the major part of African 
aquaculture  production. According to  modem 
systematics flrewavw  1983),  tilapias  fall under 
three genera:  Oreochromis, &rotherocion  and 
77lapia. 
Paradoxically, after some limited, 
occasional tests conducted on Oreo- 
chromis nilotlcus in  Afrlcan stations, it 
is from Asia, the cradle of  fish culture, that research on these species really 
started, and where their economic  and 
biological  importance for aquaculture 
was demonstrated. Hickling  (1  960) 
developed crosses between various 
species of  Oreochromis  ( urolepis; 
hornorum and mossambicus) giving all- 
male hybrids from species introduced 
From Africa at the Batu Berendam Sta- 
tion in Malaysia. These activities were 
continued in  the 1960s at the Bouake 
Station (Lessent 1968), and it is from 
this moment that the Oreochromis  genus 
was  used in African aquaculture devel- 
opment (Lazard et  al. 1990b). 
More recent studies have also focused 
on indigenous species of  lagoon tilaplas, 
mainly S. melanotheron and T. gulneensis 
(Legendre et  al. 1990). 
Other A Mcan Indigenous Species. At 
the same time, a  number of  research 
studies focused on indigenous species 
other than tilapia. So  far, these are mainly 
three  species  of  catfish  (Clarias 
gariepin  us, Chrysich  thy5 nigrodlgita  tus 
and Heterobranchus  /ongif/l/s) and 
Hetero  tis nilo ficus. 
Fish Transfers within and to the A frl- 
can Continent. There are different prob- 
lems according to whether the intro- 
ductions  concern genera or species that 
are not from the continent, or species 
(or strains) of an indigenous  genus.  The 
second type of  transfer is  very likely 
to  induce interspecific hybridization or 
interfertilization  between strains and 
original populations may not be main- 
tained whether in the natural environ- 
ment or on-station. 
According to Welcomme ( 1988),  in- 
troductions and transfers of Ash within 
or to the African  continent may have 
totaled 256 since 1850 (146 of which 
occurred between 1950 and 1980).  Of 
these, tllapias account for 74 introduc- 
tions, 62 of  which occurred  between 
1950  and 1980.  This inventory is prob- 
ably incomplete as  a great many transfers 
of  Rsh, particularly within the continent, 
go  unreported. 
Discussions on the issue of introduc- 
tions and transfers must take place as 
soon as  possible, and be open  and trans- 
parent. Each African country should make 
a comprehensive report on its specific 
situation regarding these matters so  that 
a continentwide strategy for the con- 
servation and the management of the 
genetic resources of  African aquatic spe- 
cies be implemented. This strategy must 
be based on research programs on the 
population genetics of the potentially 
major fisheries and aquaculture species 
(Pullin 1988;  Lazard 1990),  particularly 
tilapias for which Africa today is  con- 
sidered the "genetic reservoir." 
RESEARCH AREAS 
Biology. Many studies have focused 
on the different aspects of the biology 
of  tilapia, the greatest part of  which is 
being done  outside Africa. In some  cases, 
tilapias were considered as models 
(particularly, 0. mossambicus) and 
studies on these species were not 
primarily towards realizing their aqua- 
culture potential. 
Little  basic research  has been con- 
ducted so far on tilapias on the Afri- 
can continent focusing essentially on 
the reproductive physiology,  particu- 
larly  sex-determining  mechanisms 
(Jalabert  et  al. 1974;  Baroiller 1988)  and 
on population genetics (Pouyaud and 
Agnese, this vol.; Rognon and Guyomard, 
this vol.) and hybridization,  in  close 
collaboration with laboratories from the 
North. However, most biological stud- 
ies fell essentially under applied research. 
Production Systems and Farming Tech- 
nologies. It can be said that all the  major 
Farming structures (ponds, cages, pens 
and raceways) have been tested in Africa, 
not only with tilapia but also with other 
species. Each  structure may correspond to 
different farming systems developed on- 
station or under a  Research 8, Devel- 
opment program. 
In this area, however, much work re- 
mains to be done  to improve the inte- 
gration of fish farming with agricultural 
production systems. 
The two avenues to explore in  the 
future seem to be the economic and 
biotechnical optimization of  the  research 
already done, and the development of 
new, eFficient farming systems adapted 
to the rural  environment where an 
important vacuum can now be felt. Small- 
scale, commercial production systems 
in rural environments (the  counterpart 
of  peri-urban  systems) are yet to be 
developed. 
This model cannot be developed 
without the  Farmers. Therefore, system 
studies should preferably be done un- 
der the developer's authority for the 
global orientations of rural development 
and should not be disconnected from 
a  regional reality. The term  "system" 
contains a determining socioeconomic 
component:  on-station research on sys- 
tems is  justified  only if it  represents, 
in the context of  Kesearch b Develop- 
ment, the shortest route between on- 
farm and basic research. 
Socioeconomic Studies. In Africa, so- 
cioeconomic research in aquaculture is 
almost nonexistent. There are no real 
research  programs in  this field  of  in- 
vestigation. This can be explained by 
the negligible impact of aquaculture on 
African economies, by a reluctance of 
the  scientists concerned to  be involved 
in programs that can only be multidis- 
ciplinary and by a slow awareness by 
the  planners or aquaculture project of- 
Ficers of the necessity to  integrate the 
economic or social dimension. 
A few examples of  such slow aware- 
ness  (as  manifested in the course of  the 
projects) can be noted: the Rural  Fish 
Culture Development Project and  the 
Lagoon  Aquaculture  Development 
Project, both in C6te d'lvoire. The first 
project studied the economic and finan- 
cial efficiency ofthe  different aquaculture 
farming systems. For this, 104 fish Farm- 
ers were surveyed and the economic 
profile of  each subsystem of production 
as  well as  several indices (cash  and sol- 
vency) were analyzed to  study certain 
scenarios considering natural and eco- 
nomic risks and uncertainties (Koffi 
1992). 
The second project focused on the pric- 
ing of cultured fish, the commercial chan- 
nels and the commercial strategy im- 
plemented  by  the different  actors 
operating  at each level of the different 
circuits (Weigel 1989). 
Concerning the social aspects of Af- 
rican aquaculture, three research avenues 
could be explored.  These studies  should 
increase  the  knowledge  base  of 
aquaculture which, in the past, was es- 
sentially based on quick and superfi- 
cial research work. 
The objective OF the first research 
avenue would be to  analyze, with refer- 
ence to specific local situations, the 
integration of aquaculture activities into 
the existing Fisheries or agricultural pro- 
duction systems. In artisanal aquaculture, 
production inputs are  allocated on  the basis 
of the old system. Improved understanding 
in land, labor, capital and input use is the 
key  to the successful  "grafting"  of 
aquaculture onto an already regulated 
social and economic organization. Once 
again, to  avoid poor results because of 
inadequate research methodologies, this 
type of research requires a high level of 
expertise in social sciences  which cannot 
be procured solely by biologists or tech- 
nologists. 
The second research avenue could 
consist in  a bioeconomic analysis of  a 
number of  existing or developing 
aquaculture undertakings. This type  of interdisciplinary analysis should, in  es- 
sence,  improve the understanding on 
the conditions necessary to Increase 
aquaculture profitability. Such analysis 
requires  the close monitoring  of  invest- 
ment and, particularly, operating  costs 
of the aquaculture units,  and the rel- 
evance of these costs vis-a-vis  the 
biotechnical parameters. In  time, such 
research should provide enough ele- 
ments  on  the optimum efficiency of  the 
aquaculture  ventures and their real unit 
costs. 
The third research avenue could be 
a macroeconomic analysis on  a regional 
scale of  aquaculture vis-A-vis the general 
fisheries industry. As such, this type of 
research goes beyond the aquaculture 
framework. Through this type of  research, 
major quantitative elements could be 
identified, and the industry's various 
agents  likely  to  be  involved  in 
aquaculture as well as their role  and the 
organization of  the producers and traders 
could be described. This type of study 
would also identify the financial insti- 
tutions likely to  be involved, and indicate 
the specific actions to be taken by 
governments and Funding agencies. 
Research & Development 
The term "Research 8. Development" 
should only refer to the activities done 
at the interface between research and 
development.  In fact,  the analysis of 
aquaculture activities undertaken over 
the last 30 years on the African conti- 
nent shows that except for some clearly 
defined research programs and clearly 
identified extension operations,  such 
activities have been undertaken under 
both research and development pro- 
grams. 
Where does this confusion come from? 
The  following explanations can  be 
proposed: 
Weak scientific, biotechnical and so- 
cioeconomic knowledge base when launch- 
ing a development project, describing it 
as "Research a  Development," "Pilot."  or 
'Pre-extension"  Project. These terms often 
mean that the project has no  real biological, 
technical,  social or economic theme on 
which  extension  programs  can  be 
developed. 
The will of funding agencies to  see 
projects lead rapidly to "significant" 
productions even if  the technical basis of 
these projects is weak or nonexistent. 
Research stations and laboratories 
often work in  isolation  and their results 
are not  always useful for development 
projects. 
These  different research conditions 
usually lead to the following results: 
Most pilot projects have adopted 
an approach going "from development 
to  research" (Lazard et al.  1990a). 
The institutionalization of compan- 
ion studies is the sign of a takeover  OF 
research work by development projects 
in order to  solve urgent problems, usu- 
ally of biotechnical character. Certainly, 
such takeover has positive aspects in  that 
research is being stimulated both finan- 
cially and thematically (as in the exam- 
ple  of  the reproduction in  captivity of C. 
nigrocligitatus in  Cbte d'lvoire). However, 
there can also be negative effects in  that 
the often limited resources of  a research 
station or laboratory can be  all mobilized 
on a research theme apparently rich in 
development consequences, but  that can 
prove  to  lead nowhere, at least temporarily, 
as in  the case of  the aquaculture of Oreo- 
chrornis spp. in the lvorian lagoons. 
In addition to unfamiliar observers, 
this "takeover" often seems to be a 
perfect example of complementarity. 
Future developments in fish culture 
Research 8. Development could be the 
following, based on  the fact that while 
research and development are closely 
related, they should not be confused: -  research must be conducted in ad- 
equate laboratory facilities and in  a 
stimulating scientific environment, hence 
the importance of creating regional poles 
linking critical masses OF  researchers, 
paired with research centers from the 
North; 
-  development must be carried out 
by professional developers; 
-  at  present, there is no interface be- 
tween research and development in 
Africa.  It  must be created, but there 
seems  to  be no  general rule in this re- 
gard. It  could take place within pilot 
stations acting as transmission belt 
between research and fish farmers. There 
are  other alternatives through which pilot 
Fish  farmers could play the role of in- 
terface between research and develop- 
ment, which would contribute, on one 
hand, in solving the crucial problem of 
the future of pilot stations when projects 
end; 
-  confusion between research and de- 
velopment  will  be  avoided  if  the 
respective professions of the different 
actors involved in  fish culture devel- 
opment are clearly demarcated, as  sug- 
gested earlier, yet allowing as  much "per- 
meability"  between them as possible. 
Permeability  between the different 
categories  of involvement in aquaculture 
will be possible iF the  various institutions 
(in many countries, oFten numerous  and 
antagonistic) taking part in  this activ- 
ity do  not compete excessively. The real 
problem here is not so  much having too 
many parties involved but lacking bridges 
between them: mobility will be neces- 
sary to  achieve a harmonious develop- 
ment of  aquaculture on  the African con- 
tinent; 
-  the use of  human resources should 
be optimized: African scientists, trained 
at great costs abroad and also at the 
cost of  personal sacrifice,  should, upon 
return, be able to  find a job in their fields 
of specialization. Failing this, scientific 
training through research is useless; and 
-  aquaculture research  programs 
should logically be designed in coop- 
eration with developers and should be 
given the necessary means of  irnplemen- 
tation without depending on existing 
projects where they would simply be 
considered as  a research component. 
For an  Aquaculture  Research 
Strategy  In SubSaharan  Afrlca 
Critical Analysis  of  Aquaculture 
Studies  (Particu/arly  on Tilapia) 
on  the African  Continent 
THE  ANALYSIS  OF  AQUACULTURE  RESEARCH 
PROGRAMS CONDUCTED ON THE  AFRICAN 
CONTINENT  OVER THE  LAST  30 YEARS 
DOES  NOT  REFLECT  ANY REAL  REGIONAL 
OR NATIONAL RESEARCH  STRATEGY 
Aquaculture  research  appears, a 
posteriori,  to  have been quite "oppor- 
tunistic" in its approach and has resulted 
in  the following: 
an independent, marginalized re- 
search effort. Aquaculture research has 
systematically been conducted outside 
the framework OF other agricultural and 
zootechnical studies in the fields of bi- 
ology, technology and socioeconomics; 
basic research (cognitive)  is almost 
nonexistent on the continent for lack 
of an adequate scientific environment 
(intellectual and material), but also for 
lack of a real downstream demand sector; 
wrong  assimilation of  concepts from 
upstream research while research results 
are often approximate; and 
finally, aquaculture research  has 
often proven to be opportunistic, par- 
ticularly because of funding constraints. 
It  has adapted to the major trends in 
the implementation of  development 
projects (particularly by international organizations) to  make fish culture "eve- 
rybody's business,"  generating adap- 
tive resources lacking in  creativity. On 
the other hand, "companion studies" 
have been done in  an attempt to  quickly 
solve major problems encountered  in 
the implementation of projects devel- 
oping more intensive, more sophisti- 
cated farming techniques that were ini- 
tiated  on  weak  or  nonexistent 
biotechnical bases. In  these conditions, 
studies were often discontinued, before 
achieving anything, together with the 
projects that initiated them. 
THIS SITUATION IS  PROBABLY BECAUSE,  EXCEPT 
FOR A  FEW  CASES.  AFRICAN  FISH  CULTURE 
HAS NOT YET  ACQUIRED  A  REAL  ECONOMIC 
DIMENSION 
In other words, research and devel- 
opment started at the same time in  the 
1940-  1950s  and continued at the same 
pace. As over the last 40 years,  both 
research and development counted on 
each other in  order to  progress, and both 
have lacked coherence. On  the one hand, 
development, which was given important 
resources, had to  yield rapid results in 
order to justify its continuation and 
amplification, without reliable biotech- 
nical bases: on  the other, research, which 
was given insufficient resources, was 
not  able to produce a substantial basic 
research  base  (biological  and 
technological), with its practitioners 
sensing that, in  the absence of  a sound 
development, their disciplinary approach 
would have limited impact. Develop- 
ment has  remained experimental  (or 
pilot) and research has remained essen- 
tially Focused on farming systems, the 
replicability of which is limited for lack 
OF sufficient knowledge regarding  their 
mechanisms. 
For  the same  reason,  research has 
worked, from the beginning, on com- 
plex farming systems (polyculture, in- 
tegrated farming and organic fertiliza- 
tion), most of them being  the result of 
technological transfers from other con- 
tinents (mainly Asia) where traditional 
empirical knowledge is essential. 
AN ILLUSTRATION OF  THIS ANALYSIS IS GIVEN 
BY THE EXAMINATION OF  THE CONTENT OF 
THREE SYMPOSIA  HELD OVER THE LAST  15 
YEARS  ON  THE  AFRICAN  AQUACULTURE 
In 1975, the "Symposium on  Aqua- 
culture in Africa" (FA0 1976)  was par- 
ticularly concerned with  the following: 
-  regarding  species, not  only tilapias 
were given special emphasis but also 
new species (including Clarias lazera. 
mainly), in a clear attempt to diversify 
species for Fish farmers and consumers. 
The symposium was also concerned with 
the introduction of exotic species on 
the African continent; 
-  regarding technologies and farm- 
ing  systems, priority was given to the 
use of "traditional" inputs (mineral and 
organic fertilizers,  integrated Farming 
and rice-fish culture) based more on reci- 
pes than on a clear  understanding of 
the mechanisms of these  different 
treatments; and 
-  the  socioeconomic  aspects  OF 
aquaculture were discussed only briefly 
and moreover by nonspecialists. 
-  In 1985, the "African Seminar on 
Aquaculture" (Huisman 1986) reflected 
a radical change in  the research efforts 
on the continent over the previous 
decade. The proceedings on  this seminar 
highlighted: 
- the results of intensive tilapia cul- 
ture using artificial feed: 
-  the studies on species other than 
tilapia: mainly, Chrysichthys and, to a 
lesser extent, Clarias; and 
- the near total absence of  socioeco- 
nomic analysis in  aquaculture. 
In 1988, the "Workshop on  Applied 
Research in Aquaculture  in Africa" (Bernacsek  and Powles 1992) reflected 
a development in the research efforts, 
particularly: 
-  a more scientific approach of or- 
ganic  fertilization and a concern to  un- 
derstand its mechanisms rather than to 
rely on simple recipes: 
-  a  comprehensive biological  ap- 
proach of the culture of  species such 
as  tilapias in lagoon environments, im- 
proved knowledge of  Heterobranchus 
and sex determinism in  Oreochromis; 
and 
-  a  comprehensive socioeconomic 
approach of the different technical, de- 
velopment models for extension. 
Strategic Role of Research Efforts 
on the Development  of Aquaculture 
In Africa 
WHICH  DEVELOPMENT7 
There are many opportunities for 
aquaculture development in  Africa, 
particularly in the farming of tilapias. 
A ccording to the Type of  Environment. 
The type of environment largely deter- 
mines  the  model of aquaculture and its 
intensification level: 
extensive fish  culture in  natural 
(flood plains) or artificial (hydro-agri- 
cultural and agro-pastoral  reservoirs) 
waterbodies (fry stocking and fisheries 
management); 
semi-intensive  fish  culture in 
ponds; and 
intensive fish culture in  earthen 
ponds with high water renewal, or in 
cages and in pens implemented in natural 
environments (lakes, rivers and lagoons). 
According to the Type of Target 
Populations. The models  of Fish culture 
to  develop  will be different depending 
on the populations of Fish  farmers that 
are targeted for development: villagers, 
fishers, artisans, small-scale producers, 
medium-sized  undertakings  and 
commercial farmers, both in  terms of 
investments and farming systems. In rural 
fish culture, models requiring labor as 
an investment and little operating funds 
will be preferred: for industrial/commer- 
cia1 farming, the  approach will be radi- 
cally different. 
According to the Type of  Marker Tar- 
geted. The type of  fish culture to de- 
velop will be different whether it is in- 
tended for urban markets where the  pur- 
chasing power is relatively high, or for 
rural areas where it is low (or unequally 
distributed in time). 
WHICH  RESEARCH? 
In  the absence of  clearly defined 
development schemes  or even a general 
research  framework,  research  and 
development must improvise. These 
conditions are favorable for creative 
scientists or those with wide-ranging 
research competence, as they are Free 
to  study the species and farming systems 
of their choice and move freely from 
upstream to downstream research. 
However,  in  view  of  the  limited 
development of  African  aquaculture 
today and the  lack of clear direction for 
research programs, this can be a source 
of  great frustrations for those researchers 
wishing to  investigate a specific aspect 
OF  a  given species. In  this context, 
research is compelled to  work in multiple 
directions. 
WHICH STRATEGY? 
Here are a few examples of  the stra- 
tegic role research can play on the 
development of aquaculture in a given 
country or region. 
Population Genetics. Studies  on popu- 
lation genetics  are fairly recent, focusing 
mainly on tilapias. This type of research 
was essentially motivated for its use in 
aquaculture on other continents (Asia). A  real  African policy for the use of 
indigenous species for aquaculture 
should promote research on population 
genetics  and  on-station  testing 
(comparison of  strains, populations and 
species)  using parameters such as  growth 
rate in captivity, artificial feed conver- 
sion and tolerance to environmental 
factors such as temperature, salinity, etc., 
which could later lead to the creation 
of  genetic improvement programs. 
Such programs could have the follow- 
ing results: 
increased knowledge on the pres- 
ervation of  genetic resources of  Afri- 
can species  of importance for aquaculture 
and the fisheries:  -  optimum use of  these resources in 
aquaculture; and 
-  decreased rate of introduction of 
exotic species. 
All reflecting a real strategic impact. 
Choosing species of aquaculture po- 
tential. The choice of species in  view 
of  their use in aquaculture is not a neutral 
choice. Except for tilapias that show 
potential for low-cost aquaculture, the 
other species on which research has been 
conducted so far do  not generally present 
the same  characteristics, particularly in 
their mode  of reproduction and feeding 
habits. 
In this field of  research, it seems  that 
a continental program should focus on 
acquiring Itnowledge on the major bio- 
logical parameters for the farming of 
species  with a potential for aquaculture. 
In  these conditions, a real strategy for 
the development of the aquaculture of 
these species  could be  developed taking 
into account the major farming con- 
straints, the potential market and target 
populations. 
At this junction,  it  is  necessary to 
determine  whether research should be 
focused on many species  to  be screened 
for aquaculture or on the biological and 
technological aspects of the culture of 
a few species. 
Farming system. No in-depth study has 
been conducted so far on the role that 
fish culture can play in  African  farming 
systems and on its spaciotemporal inte- 
gration into these systems. Such studies 
are  very important and should not be lim- 
ited to  the transfer of  technologies such 
as  integrated farming systems, for example. 
which tend not to last longer than the 
projects that initiated them. The integration 
of  aquaculture in a given region is possi- 
ble only if the different farming systems 
and their respective dynamics are suffi- 
ciently understood. 
To conclude, fisheries production in  Af- 
rican countries should be planned before 
a strategic research planning is developed 
to  achieve development objectives. In re- 
ality, however, it is  often the opposite 
situation that prevails: research is left on 
its own  to  rescue hazardous development 
operations. No research strategy is  pos- 
sible in this context; research is condemned 
to remain opportunistic and supportive 
of a development that has not yet itself 
proven successful. 
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Abstract 
Repeated failures to develop aquaculture in tropical Africa in the past few years have discouraged 
many of those worklng in  this field. Today, although aquaculture is not by itself the sole alternative 
to financially-stricken agricultural operations, it  represents an interesting diversiflcatlon of  agriculture 
at the periphery of  large cities. Some fish farmers have been devoting most of their time to  aquaculture 
for the past slx years using a more farm-oriented than enterprise-oriented approach. 
Ponds are bullt along lowland ricefields. The coexistence of the two operations has shown some 
positive interactlons (better water management, a rising level of the water table and water fertilitatlon). 
Oreochromis niloticus is used as dominant species in  a rnonosex polyculture developed In  three 
stages:  broodfish production,  fingerling productlon and production of marketable fish.  Fish are 
fed rice bran and slaughterhouse residues or wet manure are used as  fertlllzers. The results of this 
polyculture  are presented along with the economic profile of  various farms. These results demonstrate 
the relevance of this activity for the fish farmers. A comparison of fish farms and rice Farms Is also 
made. 
The authors ernphaslte the Importance of peri-urban aquaculture because the response of the 
aquaculture market and the advent of new mechanisms of assistance  between fish farmers may 
lead to many economic developments. 
htroduction  culture, few producers continue to prac- 
tice it in  the rural areas. 
In  1990, out of  230,000 tons of  Fish  The conditions of  aquaculture (Lazard 
consumed in Cate d'lvoire, 150,000  tons  et dl.  199  1 ), particularly the need  for 
were imported. This deficit has increased  agricultural  inputs and access to city 
consistently in  the last Few  years and,  markets (Kofi 1990),  have led operators 
despite all the efforts to develop aqua-  to move  their activities to peri-urban zones, for example the  AFVP/SATMACIa 
Project at Daloa and at Gagnoa in 
Midwestern C6te d'lvoire. 
Due to  demographic pressures (Daloa's 
,  population rose from 125,000  to  1 75,000 
between 1984 and 1988).  the local au- 
thorities have dispossessed traditional 
landusers, and land unsuitable for con- 
struction that still officially belongs to 
the municipalities has been transformed 
into ricefields and vegetable gardens. 
These peri-urban lowlands are worked 
by a small, mainly foreign peasantry that 
is  originally  from northern CBte d'lvoire 
and the Sahelian countries (Mali and 
Burkina Faso). The water system of Mid- 
western C8te d'lvoire allows the con- 
struction of  many ponds on the slopes 
of  valleys, contiguous to  ricefields. 
In  December 1986, for the First time, 
a farm supported by the Daloa Peri-ur- 
ban Fish  Project began to  yield a live- 
lihood for a Fish farmer. Following this, 
others decided to  begin semi-intensive 
aquaculture based on a rigorous tech- 
nical rnodel (broodfish ponds, fingerlings 
ponds and marketable Ash  production 
ponds) that required a certain level of 
technical work (manual sexing, organic 
fertilization, use of  carnivores and 
polyculture) and an efficient production 
tool (well-constructed ponds). 
For  many of  the new fish  farmers, 
aquaculture was to become their ma- 
jor-or  even exclusive-activity. 
Although this analysis is  based on a 
still small number of fish farmers, it aims 
to describe the beginnings of  a  peri- 
urban fish  farming dynamic, and to 
analyze the  strategies developed by fish 
farmers in terms  of construction (invest- 
ment) and technical models. 
'AFVP:  Association franqaise des volontaires du 
progres  (French Association of Volunteers  for 
Progress); SATMACI: Societe d'assistance tech- 
nique A  la  modernisation agricole  de la CBte 
d'lvoire (Technjcal Assistance  Association for the 
Agricultural Modernization of CBte d'lvoire). 
Ponds and  Lowlands 
Consfruction 
ISSUES 
In humid West African tropical zones, 
farmers have not generally had to be 
confronted with water problems For ag- 
ricultural production. Knowledge about 
water and water management practices 
is  therefore recent, particularly  in  the 
forested south of CBte d'lvoire. The  ear- 
liest establishment of ricefields in low- 
lands dates from the 1970s, for which 
irrigation channels were dug  and main- 
tained by SODERIZ".  Later, these  chan- 
nels were abandoned in favor of  earth- 
and tree-branch dams  placed on the main 
drain, directly feeding the ricefields. De- 
pending on the particular situations, 
several factors can explain this devia- 
tion From  the proposed model: lack of 
understanding between rice  farmers, 
inadequate water supply and additional 
work. For example, efficient water supply 
in a ricefield located far from the drain 
requires much more work: maintenance 
of  the irrigation channel, construction 
and surveillance of the dams, etc. Un- 
der these conditions, the creation of 
aquaculture ponds For which water man- 
agement is  essential (installation of a 
weir, pond maintenance, feeding and 
drainage channels, etc.) may seem  bound 
to Fail. 
Yet today, several core groups of fish 
farmers have formed in  some peri- 
urban rice lowlands, and over the  years 
they have improved and extended their 
operations (for example, the "Gako" rice 
bSODERIZ: Socikte  pour  le developpement de 
la  riziculture (Ricefarmlng Development Com- 
pany). A  state-owned company responsible for 
ricefarming development and the conversion of 
lowlands to irrigated  ricefarming. Its activlties 
in Midwestern Cdte d'lvoire were taken over by 
SATMACI. lowlands at Daloa and those of  Barouhio 
at Gagnoa) despite the absence of  wa- 
ter management traditions and despite 
the size of the necessary investment. 
This development indicates a  real in- 
terest in aquaculture. 
INTERACTIONS BETWEEN RICE 
AND FISH CULTURE 
Water is supplied either by a diver- 
sion from the main  drain of  the rice low- 
land or by the tapping of a secondary 
water table feeding the ricefield,  for 
ponds located upstream from ricefield. 
There are many positi~,  interactions 
between rice culture and fish culture: 
increased water supply for the rice, im- 
proved water management in  the low- 
land, increased areas for irrigated rice, 
relatively reduced crop losses caused 
by  floods and fertilization of the rice 
by the pond's water. 
Surveys of rice farmers located near 
fish farms, taken in late 1990, showed 
that: 
- 6.6% think fish culture competes with 
rice for space and water: 
- 13.3% think fish culture could af- 
fect rice production  if  aquaculture man- 
agement does not  allow for the require- 
ments of  rice; and 
- 80%  are satisfied to  have ponds close 
to  their ricefield (Barrnoy 1890)'. 
In time, the development of  fish ponds 
along  the rice lowlands  will raise all the 
water tables that feed them. This is why 
support service agencies must favor an 
integrated approach to lowland man- 
agement that will conserve water and 
reduce work as fishponds and ricefields 
will be progressively extended. 
.  .-. 
'In  an  extreme  case,  a  Fish  Farmer  has  even 
had rice farmers help pay  For  repairing his dam 
after a  flood  washed  It away. 
APPROPRIATION  OF  POND 
CONSTRUCTION METHODS 
A  description of fishpond construc- 
tion methods was presented in the 
'Manuel  de construction des @tangsw 
(Pond Construction Manual) (Oswald 
l989b). 
The extent of appropriation of pond 
construction methods by farmers will 
depend on  attempts aimed at improv- 
ing their farm's  technical quality and 
at minimizing the time  needed to  manage 
and maintain it.  The end result is some- 
times disappointing; however, experi- 
ence is gradually building  up, allowing 
fish farmers to design improved ponds 
and to minimize the effect of climatic 
hazards. For example, improved grad- 
ing  of the weir, a new canal layout to 
limit  water losses by strengthening the 
downstream dike and reducing  the im- 
pact of  dry season water shortages are 
among the possible improvements. 
Frequent mistakes by beginners of- 
ten contribute to their understanding 
of pond construction logic: how  many 
times have heavy rains shown fish farmers 
the usefulness of  weirs by  washing away 
dikes and fish? 
Contrary to popular belief, the fish 
farmers rapidly understand the benefits 
of  hlgh  quality construction, as reflected 
by their receptivity to the proposed 
standards. They quickly accept quality 
criteria even though they require ad- 
ditional work (strengthening of the 
downstream dikes,  2%  bottom slope, 
dike slopes, 0.60 m minimum pond  depth 
and more than  a meter at the monk 
drain). 
A  well-built  pond facilitates water 
control, including  frequent drainage, and 
allows rational fertilization. 
In  this context, the monk drain is an 
essential tool: it serves as overflow and 
as a drainage tool and allows the regu- 
lation of  the water level, thus facilitating the  capture of the  last fish before com- 
plete drainage. 
For example,  the  map  of the Gako low- 
land (Fig.1) includes the construction 
dates of  the different farms, which is a 
good  illustration of  the expansion of this 
peri-urban artisanal aquaculture. 
Construction Costs 
ACCESS TO  INVESTMENT 
The construction of ponds requires a 
cash investment to buy materials and 
tools. It also requires an investment of 
work by the fish farmer or subcontrac- 
tors.  -  Minimum expenses by heading and 
by pond are as  follows: 
-  drainage work: on  average 20,000 
F  CFA* or approximately US870  (1  25 
mm PVC pipes, bags of cement and rental 
of  mold for creating the monk drain); 
and 
-  digging material: the price of new 
material is 30,000 F  CFA (wheelbarrow, 
daba',  machete and file); the fish farmer 
often already has these tools. 
The chronic lack of  cash in  rural ar- 
eas  makes it difficult to  raise the funds 
needed during construction  OF  a  Five- 
pond farm. It  is  often the inability to 
produce this money on time that hin- 
ders construction. 
The amount of  work needed to 
build  a  five-pond farm varies accord- 
ing to  the nature of the  terrain, the  shape 
of the pond and the quantity of earth 
to  be  excavated.  A single full-time l~orker 
takes between two and three months 
to  build a 400 to 500-mZ  pond (where 
amounts  of cuts  and fills are equal).  The 
slow periods of the agricultural calen- 
dar make such construction by farmers 
possible. 
"In  1991, US$1&300 F  CFA; in  1996.  US$i=6OO 
F  CFA. 
'This  African tool is  a short-handled hoe. 
Based on the two  extreme  situations 
possible, the  costs  can be estimated as 
follows (Table 1  ): 
Situation 1  : between 45,000  and 
60,000 F CFA for  a 400 to  500-m2  pond 
built by a  subcontractor, paid  by the 
fish  farmer (following the crisis, labor 
costs have tended to  decrease). 
Situation 2: between 21,000  and 
36,000 F  CFA  for a  pond of the same 
size built with unpaid labor by a worker 
who is  starting his own fish farm; the 
opportunity cost of one  day of work has 
been valued at  350  F CFA (Koffi 1989). 
Furthermore, it is interesting that the 
rare sales of  ponds have involved sig- 
nificantly  higher prices (more than 
200,000 F  CFA  per pond). 
Technlcal Aspects 
Summary of  the Proposed 
Technical Sysfem 
The farming of Oreochrornis niloticus 
follows a  three-step process in  three 
different ponds for the production of 
broodfish, fingerlings and marketable 
fish (ponds  of male tilapias, controlled 
by some carnivorous Fish,  with yields 
of  fish  of  at least  200 g  mean body 
weight). This technical model is  based 
on Lazard (1  984) and has already been 
described  several times (Copin and 
Oswald 1988; Oswald  1989a; Oswald 
and Copin 1992). 
This technical model is based on con- 
trol of the factors of production by the 
fish farmer (Fry, inputs and marketing). 
The inputs are rice bran as "feed" and 
farm or slaughterhouse  organic residues 
as "nutrient." 
The model is  made for a simple and 
rational  management procedure. The 
cycles follow a logical order: three pro- 
duction ponds  are successively stoclted 
with males from the fingerlings pond, Locations 7  ot fish farms in the "Gako" lowlands 
Scale 111 00000 
organized fish culture 
spontaneous presence 
rice culture in lowlands 
extension of  ricefields linked to fish cutlure 
area suitable for pond construction 
aquaculture canal 
former aquaculture canal 
main drain 
J 
Fig.  I. Aquaculture setup in rice culture lowlands (Gako). Numbers indicate the year of 
construction. Table  1. Construction costs of a 400-500 mZ  pond using different methods. 






80,000 F  CFA 
65,000 F  CFA 
56,000 F CFA 
41,000 F CFA 
which is restocked each time from the 
broodfish pond. The ponds are drained 
for each harvest of  marketable fish and 
for  each sexing procedure. All  ponds 
are compatible with  all  stages of  the 
cycle, which facilitates the reorganiza- 
tion of  the operation. 
Aside from  being  rational,  the ap- 
proach  to operations management is 
flexible insofar as the cycle lengths are 
adapted to technical performances and 
market demands. In  practice, a three- 
month delay does not significantly dis- 
turb production. The  same technical 
model applies to a fish farmer doing three 
or six harvests of marketable fish a year. 
Requirements 
Mastery of  this technique by the farmer 
requires a certain "lmow-how." Fertili- 
zation is only possible if the water supply 
is sufficiently controlled and if the pond 
depth is adequate (0.60  m). It depends 
on considerations like water color, fish 
behavior of trying to breathe air at the 
water surface when  DO  concentration 
is too low, trial  harvests, etc. 
The  use of  strict carnivores  (Hemi- 
chromis fascia tus or Parachanna obscura) 
contributes to the improved control of 
the sexed tilapia  population  (uncon- 
trolled  reproductions being linked  to 
sexing errors), but it is difficult to main- 
tain adequate stocks of  these carnivores. 
Heterotis niioticus and Heterobran- 
chus isopterus are generally used in  poly- 
culture. Heterotis has its own three-stage 
production cycle. The  broodfishes are 
placed in  a tilapia production pond, the 
fingerlings pond is also used for tilapia 
fingerlings production  and the other 
ponds  are  used  to  produce  both 
Oreochromis and  Heterotis.  Hetero- 
branchus isopterus taken horn the wild 
(flood plains) are introduced  into the 
tilapia production ponds at the maxi- 
mum density of  0.2.m-2. 
Extent of Appropriation 
of the Proposed Technique 
LVOLUTION OF  SOME PRACTICES 
Observing the evolution of  fish farm- 
ers' practices allows us to understand 
the extent of  appropriation of  the tech- 
niques described above. 
Protection against wild Ash: 
The search for discarded material to 
use  in  feeding and  drainage grids is 
constant; air filters are used as well as 
refrigerator shelves. 
Fertilization practices: 
The need to use fertilizers becomes 
clear only after a few months during the 
production  of  the first  batch of  sexed 
tilapias. Later, ponds are fertilized im- 
mediately upon stocking and cases of 
overfertilization are also reported. Also, 
some fish farmers go to the extent of 
renewing  the  water  excessively, 
canceling out the effects of  fertilization. 
In  draining their  ponds, some fish 
farmers have regretted not being able 
to reuse their already well-fertilized  wa- 
ter for another cycle. 
Use of  carnivores: 
Novice fish farmers see the usefulness 
of  carnivores only after three or four 
months of  culture, when  they notice 
stunted growth in  the ponds, coupled with the  presence of  undesired fry. Only 
then do  the fish farmers begin to  look 
for  an  adequate  supply of carnivores from 
the flood plains. 
Management of fry production: 
The number of  fry  produced in  a 
broodfish pond increases if fish  farm- 
ers shift from  one harvest every two 
months to  two harvests each month. The 
trade-off is that the  mean body weight 
of  the fry will  be lower (Lazard 1984). 
In contrast, in a five-pond farm, it is 
in the fish farmer's interest to harvest 
every two  months to  obtain enough fry 
of a higher mean body weight. 
Choosing fry size over number of fry 
becomes a  constraint when the farm 
expands because the fish farmers tend 
to  wait long enough between two har- 
vests to  maintain the  same  fry size. They 
are  therefore unable to  satisfy their own 
demand for new fry. One fish farmer was 
faced with this problem and initially 
solved it by resorting to  the  fry surpluses 
of his neighbors. The neighbors, hav- 
ing tired of  this unbalanced relation- 
ship, forced him to  reconsider the man- 
agement of  his broodfish pond. Obliged 
to harvest his small fry, he is  again in 
a situation where fry production is  not 
a limiting factor. Table 2 illustrates this 
change. 
These observations show the extent 
to which techniques are only learned 
and used when they help to  remove an 
obstructive constraint experienced by 
the fish farmer. 
CHOICES MADE BY FISH FARMERS 
ABOUT THE TECHNICAL MODEL 
AND JUSTIFICATIONS 
For the  counting of  the Fry  transferred 
to  the fingerlings pond, support serv- 
ice agencies recommended an evalua- 
tion based on biomass and mean body 
weight. Fish  farmers opted from  the 
outset for a  more reliable exhaustive 
counting  that was ultimately easier  since 
the  number of mortalities observed re- 
mained unchanged. 
Improved control  by the most effi- 
cient Fish  farmers of  sexing starting at 
a mean body weight of  18  g  contrib- 
utes to reduce the fingerling cycles in 
favor of  production cycles. 
Following various climatic events  (e.g. 
a dry spell) or social events (e.g.  vil- 
lage Funerals), some farms have seen 
their breeding cycle totally disrupted. 
The affected fish  farmers, without the 
aid of  support services, chose to  wait 
and rapidly  re-established  their cycle 
from available fish stock. 
Fish farmers are very interested in mas- 
tering species other than tilapia (espe- 
cially Heferotis niloticus, Heterobranchus 
longifilis and H. isopterus, Labeo cou- 
hie, etc.). In fact, they keep broodfishes 
of  these species even if this particular 
choice contributes to  reduced yields or 
to unproductive occupation of  pond 
space. This increased interest in other 
species has contributed to the devel- 
opment of  a reproduction and produc- 
tion technique for  Heterotis niloticus 
associated with tilapias. 
It  seems that fish  farmers want to 
improve the model to provide for the 
production of bigger commercial tilapia, 
the optimization of  polyculture  by 
reproducing other species and some 
specialized ponds to  produce fish of  high 
commercial value (Heferobranchus 
longifilis)  . 
Economlc Overvlew of Flsh 
Farmlng Operations 
Fish Farm Economic Profile 
Two economic  profiles are presented 
here (Tables 3 and 4): 
- a ten-pond fish  farm in  operation 
for several years, of  which  the 1987 
results have already been published 
(Copin and Oswald 1988);  and Table 2.  'Technical evolution of broodfish pond management (mean values over several cycles). 
Situation  1: the fish farmer gives priority to the mean body weight of the fry; situation 2: the fish 
farmer gives priority to the number of fry. (Treatment: rice bran at 4 kg-day-';  0.5 broocifishes.m-l: 
and mean body weight of broodfishes: 30 g.) 
-  .- 
Situation  1  Situation 2 
Harvest frequency (,month-') 
Cycle average duration (month) 
No. of fry-month-'.  100 ni-' 
Production of  fry (kg,month-',  100 m-') 
Mean weight of harvested fry  (g) 
-  a fish  farm that began production 
in 1991. 
In the first farm, a total of  229 work- 
ing days were devoted to farming and 
these were marketing activities on 260 
days (movements between the house 
and farm excluded). 
By  1 990, the productivity of the work- 
ing day  (F CFA  per day) was  1,913 
F CFA and the productivity per 100 m2 
was  20,790  F CFA  per annum. 
This fish farmer repaid 50,000  F  CFA 
of his debt during the year. 
In  the case of the five-pond farm, 183 
working days were devoted to farming 
and 37 to marketing (movements be- 
tween the house and farm excluded). 
By 1990,  the productivity of the work- 
ing day  (F CFA  per day) was  1,7  10 
F CFA and the productivity per I00 m2 
(F CFA. I00 m-=)  was  15,040  F CFA  per 
annum. 
Note that this farm was not yet fully 
operational and that the fish farmer was 
devoting a good part of his earnings 
to the repayment of his debt (1  24,100 
F  CFA). 
Comparison of  A quaculture 
Revenues  with Rice Culture 
Revenues 
The comparison of  aquaculture earn- 
ings with rice culture earnings shows 
that aquaculture has a higher work pro- 
ductivity as well as  a higher revenue 
per unit of  surface area. 
The  working capital requirement of 
aquaculture  is lower than that of rice 
culture (Table 5). 
It is worth noting that some rice farm- 




Role of the Pro/ect 
The role played by the "project" struc- 
ture has an impact on several levels and 
should not be underestimated. 
It guarantees a certain technical 
reliability  in exchange  for  the com- 
mitment asked of fish farmers. Attempts 
to reproduce this model without outside 
support  have all  failed  for  lack  of an 
efficient production tool. One of the main 
roles of the Project is the study and 
monitoring of construction methods; 
today, the fish farmer alone is incapable 
of building good quality ponds. 
Moreover, the project financially sus- 
tains the investment in  aquaculture by 
making creditf  available to the fish farmer 
and it also sells seine nets, among  other 
things, to the farmers. 
'Credit  is not discussed  in detail.  In  contrast with 
the first  fish  farmers  (Copin and Oswald  1988), 
some  Fish  Farmers today  build their  Farms  with- 
out credit.  Credit  therefore no longer  has  the 
deciding role that it did initially. Table  3.  Economic profile of a ten-pond, 450-m2 farm (rice bran For  feed and fertilization with 
slaughterhouse residues). 
I 
Expenses  F  CFA  Returns  F  CFA 
Feed: 
Rice  bran 23.850 kg x  2  F  CFA  47.700 
Marketing: 
100 F CFA,day-I x 260  day.year"  26,000 
Shop rental 
3.000  F  CFA,month-I x  12 months 36,000 
Purchase of fry  His 
400 fry x  25 
Arnortlzation of light equipment" 
21.250 
Pond amortization*  40,000 
Sale of 0 n  (Mw 150-Liu g) 
1,321 kg x  500  F CFA  649.000 
Sale of  Het (Mw 2.000-3.000 g) 
380 kg x  500  F  CFA  160.000 
Sale of H is (Mw 400-600 g) 
150 kg x  530  F  CFA  80,000 
Sale of H  lg (Mw 2.000-5.000 g) 
80 kg  x  800 F CFA  64.000 
Sale of 0  n  (Mw 30 g) 
300 kg x  150 F CFA  45.000 
Sale  of fry  0  n 
5.000 fry  5.000 
Sale of fry  Het 
SO  fry 
Self-consurnption  36,000 
Total 
Net profit 
(0  n: Oreochromis niloticus; Het: Heterotis nllotlcus; tl is: Heterobranchus isopterus; H 1s: Heterobranchus 
longifilis; and Mw: mean weight.) 
"The amortization of the llght equipment and the pond is computed for 5 and 20 years, respectively. 
Table  4,  Economic profile of a five-pond,  500-mZ  farm  (rice bran for  feed and slaughterhouse 
residue for fertilizer). The case of a young man working for himself. 
-  - 
Expenses  Returns 
Feed:  Sale  of 0  n  (Mw 150-220 g) 
Rice bran 13,250 kg  x  2  26,500  620 kg x 453  28 1.000 
Purchase of fry  H  n 
40fryx 150 
Sale of Het (Mw 2.000-3,000 g) 
6.000  103 kg x 450  45,000 
Depreciation of light equipment"  Sale  of His  and H  Ig 
21.250  99 kg  x 610  60.300 
Pond depreciation"  14,000  Sale  of 0  n  (Mw 30 g) 
240 kg x  190  45,600 
Self-consumption  12,000 
Total  67.750  443,900 
Net profit  376,150 
(On:  Oreochromis niloticus; Het: Heterotis niloticus; His: Heterobranchus lsopterus; H lg:  Heterobranchus 
long/f/Iis;  and Mw: Mean weight.) 
"The depreciation OF the light equipment and the pond  Is computed For  5 and 20 years, respectively. Table  5. Econornlc  data  for several  rice  farms  in  the  Gagnoa  region  of Cdte  d'lvolre  (Francois 
1991). 
Situations  1  2  3  4 
Surface (ha) 
Ownership (land tenure) 
Production  (t.year-I) 
Capital  investment 
Net profit  (F CFA,year-I) 
Time  worked  (days,year-') 
Work  productivity (F CFA,day-') 
























Although self-development therefore 
seems impossible today, significant 
changes are nevertheless taking place, 
especially the improved control of many 
production Factors by fish farmers (pro- 
duction of fry, supply of inputs and pro- 
duction techniques) and exchanges of 
services (assistance in  sexing and as- 
sistance with marketing). 
The model has also been transferred 
without outside support to temporary 
ponds  stocked with some  sexed tilapia 
and some predators. 
Organization Dynamics 
Supply OF rice bran: 
Some fish  farmers have resorted to 
the  services of an accredited husker with 
whom a relationship is established that 
leads to credit and deferred payments. 
A five-pond fish farm consumes between 
seven and 20  tons of rice bran per year, 
depending  on  the  associated fertilizer. 
-  Marketing: 
Informal marketing arrangements are 
developing  among  fish farmers. For ex- 
ample, the produce of  three farms in 
the  Gako lowland is currently marketed 
by  the wife of  only one of  these Fish 
farmers. 
Fish supply: 
Fish farmers sometimes  experience dis- 
ruptions in their cycles for a lack of fry 
or a lack of  males. Initially, they seek 
to  solve the problem by requesting extra 
stock From  neighboring fish farmers as 
a Favor to be repaid. 
The quantities of Fish  exchanged are 
surprisingly large: data for 1990 from 
the notebooks of the  Gako lowland fish 
farmers indicate: 
- 10,565 fry of  4 g  (total weight: 
45.86 kg): and 
- 2,304 male  fingerlings  of  27 g 
(62.92  kg). 
The actual Figures are probably higher 
(exchanges  are not always recorded) and 
the figures For  the first half of  199  1 are 
still higher. 
These arrangements (totally independ- 
ent of  the support services) illustrate 
the dynamism of the trade which con- 
tributes to improve the results of the 
various farms. By  1990,  a quarter of  the 
Fish produced on this lowland originated 
in  other fish farms. 
The fish are transported on foot in ba- 
sins. One  Fish Farmer, who  had stocked 
up on fry at  a fish farm 4 krn  away from 
the lowland, even resorted to  a taxi to 
transport his fish (2,000  fry in three trips 
at 100  F  CFA  per trip!). 
Farm -oriented Logic 
or Enterprise-oriented Logic? 
Everyone sees aquaculture as a defini- 
tive way of appropriating a small plot 
of  land. Support services are seen as guarantors of  the investment made. In 
extreme cases, traditional landowners 
have  even  claimed  an  interest  in 
aquaculture solely as  a pretext to  recover 
their traditional lands. 
Aquaculture also seems  to  represent 
transferable capital. Fish  farmers often 
point out that they work for their families 
and can therefore exploit family mem- 
bers. 
The management of  fish farm labor. 
which is  essentially constituted by the 
family, depends on the type  of social 
organization. Great disparities exist 
between fish Farmers of different eth- 
nic origins. In  contrast with the Betf9, 
who have had trouble mobilizing fam- 
ily  labor, the Dioulah find it  relatively 
easy. 
During the difficult initial stage of pro- 
duction, some fish farmers favor self- 
sufficiency and outside work at the ex- 
pense of  a rapid increase in  their own 
enterprise's production (their ponds  are 
used for the storage of  fingerlings or 
wild fish). 
Although this type of aquaculture has 
generally been labeled  "artisanal" or 
"entrepreneurial," some  of these obser- 
vations suggest that these producers 
are using a "farm-oriented" logic. 
Although aquacultural development 
is still limited in size and fragile, some 
significant elements  of an endogenous 
dynamic can be identified. 
The investment of labor, which is consi- 
derable for a five-pond farm, seems  com- 
patible with the agricultural calendar. 
si3ete: Indigenous ethnic group of central western 
CBte d'lvoire. 
hDioula: the northern ethnicities of Malinke ori- 
gin; they control most of the trade. 
Even  if it  takes several years to build 
the farm, the presence of a core of  ef- 
ficient fish farmers means  that the farm 
will  be operational from the very be- 
ginning. The majority of  fish  farmers 
choose  to expand their farm once  cruising 
speed has been achieved. 
The technique is easily reproduced as 
soon as fish farmers attain a certain level 
of  experience and technical expertise. 
Once established, fish farmers do  not 
depend on any structure for the operation 
of  their farm. 
This type of aquaculture is  financially 
and economically profitable. Moreover, 
it does not suffer from a lack of cash, 
which is a particularly chronic phenom- 
enon in the current socioeconomic con- 
text. While these strengths pave the  way 
for a real aquacultural expansion, Fish 
culture is  already justified  by the de- 
velopment of  agricultural inputs utilized 
by this enterprise and because it rep- 
resents a socioeconomic improvement 
for the social groups concerned. 
The existing dynamic core  groups  of 
fish farmers are an excellent base for a 
renewed development of farming mo- 
dels  adapted to  the rural context, pro- 
vided that research agencies  can establish 
a Fruitful dialogue with interested par- 
ties. Given the position that we  pre- 
dict aquacultl.rre will occupy in the farm- 
ing systems of  humid tropical  zones, 
the  existence and development of such 
a technical, social and economic yard- 
stick appears to  be a challenge of  the 
greatest importance for agricultural 
development. 
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ACOSTA. B.O.,  E.E.  DIONISIO and A.E.  EKNATH.  1996. Growth and food conversion of five strains of Nile 
tilapla (Oreochromis nlloticus) fry, p. 537. In  R.S.V.  Pullin, 1.  Lazard, M. Legendre. J.B. Amon Kothias 
and D. Pauly (eds.) The Third lnternatlonal Symposium on Tilapia in Aquaculture. ICLARM Conf. Proc. 41, 
575 p. 
Abstract 
The growth and food conversion of five  strains (Egypt. Senegal, Thailand, Israel and Singapore) of Nile 
tilapia (Oreochromis niloticus) fry were determined under labcratory conditions. The fry (0.0256 g mean 
body weight and  1.1 5 cm mean total length) were stocked in fifteen 20-1 aquaria and fed everyday on 
powdered artificial  food containing 30% crude protein. The  feeding rate was  20%  of total fish biomass 
dally. Fish samples were taken every seven days for five weeks for length and weight measurements. 
Specific growth rates and food conversion ratlos did not differ significantly among stralns (b0.05). Historical and Technical Aspects of the Introduction 
of  Tilapia Culture in Colombia 
L.F.  CASTILLO CAMPO 
CAMAXPEZ L  TDA 
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CASTILLO CAMPO, L.F.  1996. Historical and technical aspects  of the introduction of tilapia culture in Colombia, 
p. 538. In R.S.V.  Pullin, I. Lazard, M. Legendre,  J.B. Amon Kothias and D. Pauly (eds.)  The Third International 
Symposium on Tilapia in Aquaculture. ICLARM Conf. Proc. 41, 575 p. 
Abstract 
The first  tilapia introduced to Colombia in  1953 was Oreochromis mossambicus from  Jamaica. Tllapia 
farmlng at that time was conceived as  an activlty for rural populations. Its dissemination, culture or distribution 
were later forbidden, due to its high  capacity to Invade natural  waters below  1,200 m. In  1962. Tilapia 
rendall/ was introduced from  Panama, in  the hope of taking advantage of its feeding behavior to control 
weeds In  ponds, reservoirs and channels. However, its establishment in  natural waters below 1.600  m had 
serious effects on native flora and  fauna and  its culture was restricted. In  1979, Oreochromls nlloticus 
(Ghana straln) was introduced from  Brazil. It  gained acceptance due to its good taste. fast growth. large 
size, and suitability For  mono- and polyculture in lakes, reservoirs and fishponds below 2,400  m. The problem 
for private tilapia farmers was that they had to compete with the tilapia capture fisheries in natural waters. 
The solution was to aim for high production levels year-round. This evolution from essentially Family subsistence 
activities in  1980  to profitable businesses was achieved by  1987. In  1985, Oreochromls urolepis hornorum 
was Introduced from Brazil for the production of an all-male progeny by crossing with 0. niloticus. This was 
not very successful. In  spite of their fast growth and large size. the fish had an unattractive black coloration. 
In  1982, a red tllapia from Florida (0.  rnossambicus albino x  0. urolepis hornorum) was introduced From 
Alabama (USA) for more intensive culture. Demand for red tilapia increased slowly at first, but by  1987  the 
First  more-intensive fish farm was established using its own red tilapia strain called red tilapia yumbo (red 
Florida x 0. niloticus) in the Valle del Cauca, This facility has aeration and relies on exchange of underground 
water and feeding wlth high quality pelleted Feeds. The farm produces two crops, totalling 40-50 t,year-', 
from domestic and export markets. Nationally, farmed tilapla production grew from  100 t in  1985 to 700  t 
in  1988. In  1989, several Israeli tllapia farmers formed a joint  venture with Colombian investors for two 
large intensive tilapia farms: one in  Narifio (45 ha) and another in  the Valle del Cauca (101 ha). Both have 
been in operation since 1990. They have "1985 red Florida tilapia," red 0. aureus from Jamaica and Israel, 
0,  nlloticus From  Egypt (Lake Manzalah) and 0. aureus from Israel. These farms have modern facilltles for 
highly intensive tilapia culture. In  1991,  more red tilapia farms were constructed and about 65  farms were 
in operation by  1992. covering 635 ha. This made Colombia, in  1992, the third  largest producer of tilapia 
in  Latin America (1 1,050  t), after Mexico (75,000  t) and Cuba (16,500  t). Studies on the Growth Performance  and Gonadal 
Development of Triploid Tilapia OreochromJs aureus 
S.L. CHANG 
C.F.  CHAW 
Tungkang Marine Laboratory 
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CHANG, S.L.,  C.F. CHANGand I.C. LIAO. 1996. Studies on the growth performance and gonadal development 
of triploid tilapia Oreochromis aureus, p. 539. In R.S.V.  Pullln, j.  Lazard, M. Legendre, J.B. Amon Kothlas 
and D. Pauly (eds.) The Third International Symposium on Tilapla in Aquaculture. ICLARM Conf. Proc. 41, 
575 p. 
Abstract 
Heat shock treatment at 4I0C  induced  100% triploidy  in Oreochromls aureus, using the method of 
Chang and Llao (thls vol.). Diploid (control) and triplold fry were reared from first feeding in triplicate hapas 
(Zx1.2x0.9 m net cages) In the same pond with a water depth of 60 cm, Twenty fish were kept in each hapa 
and fed twlce a day wlth commercial eel feed for the first  12 weeks and wlth commercial tilapia floating 
pellets for the next  12 weeks. The  crude protein content of the feeds were 44 and 23%.  respectively. 
Twenty diplold and 20 triplold flsh were then measured and examined For gonad development. The gonadosornatic 
index (GSI) was calculated as:  GSI = (gonad weight/body weight) x 100. 
Diploid and triploid fish did not dlffer significantly (P>O.OS)  in size (body weights were  119.79+40.00 
and  109.50+21.70  g,  respectively). but the triploids were of more uniform slze than the diploids. The 
genital papillae of triploid Fish showed no development compared with diploids at  18 weeks old. Mean 
gonad weights of females and males were slmllar for diploids (1.02+0.93 and 1.01 20.34 g, respectively), 
but different for'triploids (O.OS?O. 10 and 0.34k0.31  g,  respectively). Some testes of triplolds developed 
well wlth many sperm of variable appearance accurnulatlng In the lobular lumina. Yolk accumulation was 
pronounced in the oocytes of dlplolds, but the threadlike triploid ovaries contained mainly oogonia with 
only a few yolky oocytes. The Malawi Central and  Northern Regions  Fish Farming 
Project: Research, Progress and Prospects 
M.  DlCKSON 
BA  FRU 
Institute oFAquacu/ture 
Universiw ofsffrling 
Stirlhg FK9 4LA 
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DICKSON, M. 1996. The Malawi Central and Northern Regions Fish Farming Project: research, progress and 
prospects, p. 540. In  R.S.V.  Pullin, J.  Lazard, M. Legendre. J.B. Amon Kothias and D. Pauly (eds.) The 
Third International Symposium on Tllapia in  Aquaculture.  ICLARM Conf. Proc. 41, 575 p. 
Abstract 
The Central and Northern Reglons Fish Farming Project started in 1989 For  he  years with Funding From 
the European Development Fund of the European Communlty (US83.6  million) and the Malafil  Government 
(USB1  .Z million). The main aim was to increase the supply of fresh fish through fish Farming in those areas 
of Northern and Central Malawi  where it is scarce. The primary objective was "to establish the technical and 
economic parameters for developing fish farming in Northern and Central Mala~i."  This is being carried out 
through research on fish farming methods, and extension of  these methods to farmers. The project headquarters 
is in Mzuzu, Northern Region. 
The main areas of research have been: 
-  finding alternative indigenous species to culture. The main species used in  Malawi has been Oreochromis 
shiranus, whlch shows very bad growth characteristics.  Oreochromis karongae grows to a larger slze 
before maturity and has Faster  overall growth rates.  Clarias garlepinus and Bathyclarlas spp. also look 
like promising species For  use by farmers in the future:  and 
-  investigating the potential of small waterbodies and dams for fish production. 
The extension program is carried out through a team of field-based extension workers. Slmple methods 
are advocated: single species culture, maize bran and animal manures, and harvesting by pond dralnlng. 
Farmer numbers have increased to 300 around Mzuzu, operating 458 ponds. The main problem has been 
lack of fingerllngs. 
The rnaln actlvitles planned For  the future are: 
-  continue research on appropriate fish Farming methods: 
-  expand coverage of the extension service: and 
-  develop models for exploration of small waterbodies. Interactions between Nile Tilaph (Oreochromis  nilotlcus) 
and the Bond Community  at Various Fish Densities 
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Abstract 
Nlle  tilapia is primarily an algal feeder. In a rearing pond, it may compete or-, In other ways, interact with 
herbivores  among the Invertebrates, and change the structure and the processes in  the system. The interactlon 
between tilapia and the rest of the biologlcal community is, however. poorly understood. In this study, the 
succession In the biological community was followed in nlne experimental Fertilized ponds stocked with 
high denslty, low denslty and wlthout fish. The experiment lasted for 74  days. 
The  ponds were  10x4 m-2wlth  a water level of about  1  m. Superphosphate was added daily to all. 
Temperature. oxygen, transparency, water level, pH, conductivity, phosphate, nitrate, phytoplankton and 
zooplankton were sampled each day. Fish was sampled slx times during the study. Diet, growth rate and 
production In the tilapia were measured and estlmated. 
The fish diet was mainly desmids, green algae (some filamentous) and some cyanobacteria.  Zooplankton 
occurred scarcely with Bosmina Ionglrostris belng dominant. The communities reacted differently  to the 
treatments. The transparency was hlgher in ponds without flsh. Differences in community structure in the 
varlous ponds appeared. These differences seem not to have a signiflcant effect on the growth rate of 
tilapia. Studies on the Control of Tilapia Recruitment 
Using a Tilapia-Predator Polyculture System 
in Southwest Nigeria 
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Abstract 
Many methods have been used to control undesirable tilapia population, but the combined stocking of 
tilapias with predators is the most desirable method in Africa. In this study. Parachanna obscura. Clarias 
garieplnus. C. isheriensis and Heterobranchus bidorsalis were evaluated in concrete ponds (1  60 m2,  water 
depth = 1.4 m)  using different tilapia-predator stocking combinations in four successive production cycles, 
each lasting 180  days, to control recruitment and to produce market-size Thpiaguineensl5.  Tilapla flngerllngs 
were stocked first followed by the predator fingerlings 60 days later, to allow the tllaplas enough time to 
grow and breed. Ponds were fertillzed with dry poultry manure (60 kg.ha-'.day-') and fish were fed  1: 1 
mixture of macadamia presscake and blood meal (56.8% protein) at 5% body weight per day. At harvest 
(180 days after stocking predators). ponds were drained; all fishes were removed and sorted according to 
species,  counted and weighed. The market weight of tilapia was set at 200 g and effective recruitment 
control at an A,  value (Yo weight of market-size tilapia in the populatlon) of >90%. Treatment means were 
subjected to ANOVA and Duncan's multiple range tests (P=O 05). 
Tilapia mortality was <lo%  in any  pond and was  not related to the treatments.  rather it was due to 
handllng stress during periodic weighing. All predators stocked were recovered at harvest. Tilapia fy  were 
observed as from 90  days after stoclting. The stocking of predators had a direct effect on tilapia production. 
Generally. the fewer the predator stocked,  the lower the adult tilapia yield. The combinations that gave 
effective control of  tilapia recruitment were 10:1, 6:l and 20:  1 with P. obscura, C.  gariepinus, C. isheriensis 
and H. bidorsalis, respectively. and produced tilapia A, values  >90. Differences  in A, value,  mean final 
weight and tilapia yield between treatments were significant (P<0.05) for each predator tested and were 
due to  the consumption of pond-spawned tilapia fry by the predators. This reduced the competition between 
adult tilaplas and pond-spawned juvenile tilapias for food, thus enabllng growth of adult tilapia. This demonstrates 
effective reduction of juvenile tllapia by all the predators tested. This technique improved tilapia yields, an 
economic benefit to the farmer. Observations on the Possible Effects of Salinity, 
Pond  Regime Practices and  Behavior on the Culture 
of  Tlapia guheensis and Sarotherodon me  fanotheron 
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Abstract 
Attempts at the polyculture of Tilapia gulneensis and Samtherodon melanotheron in the Buguma flsh 
farm of the African Regional Aquaculture Centre. Nigeria, showed that no matter in what  ratio the two 
species were inltlally stocked. 5.  melanotheron was always preponderant in the harvest, accounting for 70- 
95% both numerically and by weight. lnvestigatlon of the abundance ratio of the two species In the farm's 
seml-enclosed main channel gave a ratio  OF  1 :I .8 In favor of 5.  melanotheron. However,  in the creeks 
around the hrm, the ratlo was reduced to 1:1 .l,  suggesting that the abundance of S.  melanotheron in  the 
ponds was probably a product of the pond culture system. Further Investigation of the natural abundance 
pattern  OF  the species In the polyhallne zone (average annual salinity, 20 ppt) gave a ratio of 2.1 :  1 in favor 
of T. guineensis. Also In the oligohaline zone (average annual salinity, 5 ppt). T.  guineensb was almost 
exclusively present. 
It is thought that 5.  melanotheron benefits more from the practice of fertilizing the ponds since It is. 
among other things, a plankton feeder. Secondly, Its mouthbrooding practice enables it to Increase its 
numbers in the pond whlle it preys on the fry of T.  guineensis. It is suggested that polyculture of the two 
species should be avoided and that monoculture of T.  guineensis Is not advisable in mesohallne situations. 
since the abundance of 5.  melanotheron favors its infiltration and the normal pond culture practices give it 
a competitive advantage. It Is also suggested that monoculture of T.  guineensls is best attempted in the 
oligohallne and polyhaline zones where 5.  melanotheron is less abundant. Periphyton Composition and Physicochemistry in an 
Artificial Habitat (Acadja-enclos) for Swotherodon 
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Abstract 
Sarotherodon melanotheron is a grazing fish which colonizes artificial  habitats like the acadja-enclos 
(parks where branches are placed in shallow Fresh- or brackishwaters). This lagoon tiiapla feeds essentially 
on the perlphyton that develops on the poles of bamboo acadjas. 
Monthly sampllng of the periphyton and dosage of the physicochemistry (temperature, oxygen, turbidity, 
pH and nutritive salts: PO,.  NO,,  NO,  and NH,)  was conducted in open waters and in acadja-enclos from 
November 1988 to December 1989 in Adiapote, a brackishwater site with fluctuating sallnlty In the EbriC 
Lagoon. Cbte d'lvoire. 
The domlnant periphyton species were: Mougeofla floddana (green  algae). Llthococcussch/zodlchotomum 
and Lyngbya rrlvulariarum (cyanobacteria)  and diatoms such as Nlt~chla.  Meloslra. Fragjlarja  and Achnanthes. 
Generally, green algae were dominant throughout the year. However, although they were abundant during 
the dry season, cyanobacteria (February) and diatoms (March, April) were dominant. Diatoms were abundant 
during eight months of the year and were replaced during the dry season (February-July-November  and 
December) by cyanobacteria. The  perlphyton biovolume varied from 0.06  to 0.72 rnl.cm-'.  The  highest 
levels were found From March to August (including the rainy season) wlth a blovolume of 0.53 ml.cm-'. 
Temperature (25-31°C). oxygen (3.8-7.2 rng.1.').  salinity (1-25 ppt) and pH (6.7-8.6) had the same profile 
in open waters and in the acadja system. However. turbidlty (0-55).  PO,  (0.5-1  2 mole.1-I), NO,  (1.2-8.5 
mole.1-'). NO,  (0-21 mole-I-')  and NH,  (2-70 mole.1-') presented different profiles in lagoon waters and in 
the acadja system. 
In July, nitrates and ammonia showed very high levels both in the acadja system and open waters. The 
highest nitrite levels were found in December and only In open waters.  Phosphates showed very  high 
levels in August with higher bottom values (February-July).  Bottom turbidity is higher from November to 
May whlie bottom and surface values are identical from June to November. Production of  Pseudo-females  of  Oreochromls 
aumus Using Ethynyloestradiol 
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Abstract 
The objective of thls study was to develop a technique for the mass production of "pseudo-females" 
(female phenotype, male genotype) of Oreochromls aumusto produce  populations  of Fry with a hlgh percentage 
of males (90-100%) and to avoid uslng classical sex reversal methods (uslng methyltestosterone). Batches 
of fry  OF  0.  dureus were treated wlth 17 a-ethynyloestradlol.  Two doses were tested:  100 and 200 mg 
kg-' of feed. ylelding  94 and 98% females, respectively. after 40 days of treatment. compared with 51% 
females obtalned with the control batches. A few herrnaphrodlte individuals were found in  the batches (2%) 
whlch received treatment. 
Several females (n=53) from the Fry  batches were crossed with normal males (genotype ZZ) to select the 
"pseudo-females" (genotype ZZ). Out of 53 fish tested. 25 gave progenies with a high percentage of males 
(72.7-1 00%). These fish are consldered "pseudo-females."  Hybridizations were repeated (11-2-4)  to verify 
the sex-ratlo stability In several successive progenies (variation from 0-9.146 of the male ratio). 
Fry (genotype ZZ) from "pseudo-females" hybridizations produclng systematically a hlgh percentage of 
males (98-100%) and normal males were sex reversed uslng ethynyloestradiol (200 mg.kgi)  to increase 
the number of "pseudo-females." These Fish will be used as female spawners for the production of broodstock 
wlth a hlgh percentage of males in ponds. Consumption of Phytoplankton by Oreochromis nfIot.cus 
in Lake Muhazi (Rwanda) 
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Abstract 
The 34.1  -km2 Lake Muhazi has eutrophic waters with a high phytoplankton biomass dominated by blue- 
green algae. However, the lake ichthyofauna has little diversity and low productivity.  Samples of plankton 
and stomach contents of Oreochromis niloticus were collected In  the same spots and at the same time to 
verify the ingestion of phytoplankton From the lake by thls species. Principal component analysis, cornparlson 
for  the frequency histograms and of coefficient of electlvlty  Indicate that the lake water and the stomach 
contents are  dominated by cyanobacteria and green algae. There is little variation In  the relative composition 
of the lower taxa (genus and species) with season and at different locations In  the lake. However, it was 
observed that 0. niloticus Feeds more on certain categories  OF algae such as filamentous cyanobacteria and 
rarely on diatoms and green algae. To conclude. it seems  that phytoplankton in Muhazi Lake is used selectively 
by 0. nllotlcus and that most of  the algal production is not consumed by the fish. Documentatlon and Evaluation of  OreochromIs n/lotlcus 
Populations in ~hana  for Aquaculture 
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Abstract 
Two wlld populations of Ghana strain Oreochmmis nllotlcus from the Volta Lake  designated KU and KG 
1, and a comrnerclal stock, FS, were evaluated for growth and survival in a two-phase test trial. Mixed-sex 
Rngerllngs  derived from the different tilapia stocks were tagged and tested communally in  0.2  ha-ponds for 
77 days (Phase  1). Hand-sexed, all-male juveniles sorted at the end of Phase  I  were used In a slmllar 
experiment (Phase 2) for  105 days. All ponds were routinely manured and fertlllzed using dry chldten or 
cow manure, NPK  (1  5: 15: 15) and urea. Supplemental feedlng wlth a powdered mlxture of flshrneal. copra 
cake and wheat bran (1  :2:7  by weight) was also applied to ponds. 
The results indicated differences in the growth and survival performance  within the stocks tested. Su~lval 
decreased in Phase 1 In the following order: KUz-KG>FS, and for Phase 2:  KG-FSrKU.  Ranklng of growth In 
Phase 1 was KG-KUrFS,  and for Phase 2:  KU>KG>FS.  However. performance differences among the three 
populations were not statlstlcally significant (P>0.05). Induced Spawning in Oreocbromls nltlotjcus 1. 
E.E.  RODERICK" 
L.P.  SANTIAGOb 
M.-A. GARCIA" 
G.C.  MAIR' 
"School of  B/ologica/ Sciences 
University College of  Swansea 
Singleton Park, Swansea SAZ 8PP 
Wales, UK 
bFresh  water A qua  culture Center 
Central L  uzon State University 
Mum,  Nueva Ecija 3120, Philippines 
RODERICK, E.E., L.P. SANTIAGO, M.-A.  GARCIA and G.C.  MAIR. 1996. lnduced spawnlng in Oreochrom/s 
niloticus L., p. 548. In R.S.V.  Pullin, J.  Larard, M. Legendre, J.B.  Amon Kothias and D. Pauly (eds.)  The 
Third International Symposium on  Tllapla in Aquaculture. ICLARM Conf. Proc. 41. 575 p. 
Abstract 
Chemical induction of  spawning in tilapia could enable  synchronization of  spawning resulting in increased 
fecundity and controlled fry production. This would be useful for small-scale commercial hatcheries and for 
research purposes. This study evaluated the efflcacy of single dose  treatments of four chemical inducers- 
human chorionlc gonadotropin (HCG), luteinizing hormone releasing hormone analogue (LHRHa), buserelin 
acetate (ReceptalTM)  and fertirelin  acetate (OvalyseTM)-specifically  to induce timed spawning to enable 
reliable egg collection. HCG and buserelin acetate were ineffective inducers. although the  doses  applied for 
buserelin acetate were much lower than those recommended for other species. LHRHa  (30 mg100 g*' 
body weight) and fertirelin acetate (1  -22.5 rng. 100 g-' body weight) injections were  effective in slgniRcantly 
increasing the  proportion of females spawning over  an eight-day period. However. the  single doses  applied 
were not sufficient to  induce closely synchronized spawnings. Acute Toxicity of Potassium Permanganate, Petroleum 
Product and Textile Effluent to Oreochromls nlloticus 
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Abstract 
The acute toxiclty of potassium permanganate (KMnO,),  petroleum product (englne oil and petrol in a 
3:l  ratio) and textile mlll effluent was  determined for Oreochromls nilotlcus. The  test substances were 
added as slngle doses In still water aquaria. The 96-hour LC,  of the test substances was determined for the 
Rshes uslng sprlng water (alkalinity: 70-80 ppm) and pond water (alkalinity:  160-180 ppm). The LC,  for 
the potassium permanganate test for 0. nilot/cus was 5.0 mg.1.' and 3.0 rngl-'  for both pond and spring 
waters.  respectively. The  results of the test uslng petrol and engine oll  (3:l)  gave a value of 13.0 ml.1-' 
(pond water) and 12.5 rnl.1-I (spring water). The 96-hour LC,,  value of 31.2%  (pond water) and 24% of the 
textile mlll effluent was determined for 0. nilotlcus. The  LC,,  values for the fishes in both the spring and 
pond waters were statistically dlfferent (P=0.05). The fishes showed increased hyperactlvities, body feature 
defotmatlon,  lesions and necrosis during the period of exposure to test substances. The effects of the test 
substances on the gill eplthelia, her  and kidney were examined. Analysis of the Morphometrics of  Three Tilapias (TiIlap/a 
zIIIIi, Sarotherodon gafh  eus and Oreochromis nlfoticus) 
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Abstract 
Understanding the modes of inheritance of morphological characters in tilapia is of prime importance 
when suspected hybridization in farmed or wild stock has to be confirmed, as  well as  when hybrids are 
intentlonaily bred for better characters. Twelve morphometric and meristic characters were measured in 
laboratory populatlons of T/lap/a zllli, Sarotherodongalllaeuand Oreochromisniloticus  and their intergeneric 
hybrids (mlxed cross-sectional data). 
Hybrids showed frequent deviations from intermediarity (especially those between S.  galilaeus and 0. 
niloticus) and differential inheritance between the sexes. The allometric ("growth") coefficients of different 
characters were counted separately for "small" (SL,  9-1  3  cm) and "large" fish (1  3-20 cm) to  identify patterns 
of rapid growth in  correlated characters. The analysis indicates a major dichotomy between the growth of 
weight and depth, on the one hand, and that of certain length-related characters (eye, jaw and flns), on  the 
other. The second type of  growth seems to be related with sexual activity and occurs in T. rlllllln  small flsh, 
but in 0. nlloticusnot before SL-13  cm. In S.  galilaeus, there appears to be two rapid bursts of  thls growth 
pattern, one at a very small size (SL<9 cm) and again at SL-20  cm. An attempt is made to interpret the 
deviations  from intermediarity  and sex-specific differences in hybrids through desynchronization of the 
growth patterns of the parental species. 
"Present address: Department of Flsheries, P.O.  Box 350100,  Chilanga, Zambia. Development of an  Autonomous Pilot System in Recycled 
Water for the Integrated Production of Tilapia and Garden 
Crops Behaving as  Environment Purifier 
K. SOULEYMANE 
Facult& des sciences, UniversittS de Niamey 
BP 10.662  Niamey, Niger 
M. DlDlER 
Station de recherches de nutrition 
Installa  tions piscicoles exp&imen tales 
Institut national de recherche agronomique (W) 
78350  /ouy en /osas,  France 
I. QUILLERET 
L  aboratoire do mCtabo1isme et de nutrition des plantes 
lnsfifut national de recherche agronomique (INRA) 
78000 VersaJlIes, France 
SOULEYMANE.  K..  M. DlDlER and I. QUILLERET.  1996. Development of an  autonomous pllot system in 
recycled  water for the integrated production of tilapia and garden craps behaving as  environment purlfler. 
p. 551-552.  In R.S.V.  Pullin. J. Lazard, M. Legendre. J.B.  Amon Kothlas and D.  Pauly (4s.) The Third 
International Symposium on Tilapia in Aquaculture. ICLARM Conf. Prrx. 41. 575 p. 
Abstract 
Since 1982, the authors have bean studying the posslble solutlons to the problems of animal production 
related to the climatlc condltlons prevailing In Sahel and to the lack of water resources. A pllot system was 
developed at the University of Niamey. Niger. In 1986 and at the National Institute of Agricultural Research 
(INRA) In Versailles, France, In 1988 to collect data whlch form the bask of this study. 
The assoclation of fish,  bacteria and plants constitutes a farming system within which the integrated 
productlon of animal (fish) and plant (tomato) proteins can optlmize the use of nitrogen introduced  through 
fish hed. This Farmlng system is also based on the use of recycled water as  a base for fish culture and as 
vector of nutrient through a physical cleansing process and biological purification  by bacteria whose role is 
to transform a highly toxic product for flsh (NH,) into a nontoxic product (NO,). 
The Niamey pllot system, establlshed on the grounds of the Department of Science, was composed of 
cemented clrcular tanks, a decanter, tanks for the treatment of water (bacterial filter) and a pumping plt. 
also cemented, contalnlng an Immersed pump for the circulation of water. Water was brought tangentially 
into the tanks, then evacuated towards the center by a system of overflow. Water was recycled approximately 
evey three hours in each tank with an inflow of approximately 0.30 m3.h-I,  i.e.,  eight times per day. The 
decanter was a cyllndroconical alumlnum tank at the bottom of which the coarsest particles In suspenslon 
were deposlted. These were essentially composed of feces and feed whlch had not been consumed. The 
bacterial hydroponic fllter  was formed by two aluminum tanks containing 2.8 m3  OF gravel graded between 
15 and 20 mm  enabling the trapplng of the finest particles, the nitriflcatlon of excreta and the flxlng of 
plants. Culture tanks were fed by pumping, the other tanks were fed by gravity. 
The project, with a major objective to demonstrate the appllcabllity of the Hydroponic Recycling System 
in the Sub-Sahellan reglon, gave encouraging qualitative results. Water quality was excellent and conversion 
rates were close to 1  .Z using feed produced on-statlon (15% flshmeal). 
Tllapla (Oreochromis n/lot/cus) and Clarlas sp. were tested In this system. For  plants. several tests on 
gumbo, maize (Zea  mays. L.)  and tomato (Solmum lycope~zIcum)  gave very good results. 
The Versailles pllot system consisted of culture tanks, a purlflcatlon level composed of a decanter and a 
fixed biofilter, and a level of cultured plants. The dlmenslhs of the structure were 1.90~1  .lox1  .I0  m with 
a volume of 1,800 1.  A rotary flowmeter gave a flow rate of 50 1 per minute, i.e..  3 m5-h"  which passed through an aeration column behe  entering the culture tank. Tanks were thermoregulated during the winter 
using a 1 kW resistance plloted by a proportional regulator. 
For added safety, oxygen was provided using two low-powered air pumps.  Water was removed using 
a system OF overflow. One side of the tank was made of glass to facilitate the observation OF  flsh. 
In the Versallles system.  fish grew from  12 to 250 g (commercial size) in 150 days for an  average 
temperature of 29'C.  Conversion rates varled from 1.36 to 1.65 depending on the Initial fish size in our 
culture conditions.  Growth between 250 and 600 g gave converslon rates of 1.65 (some of our animals 
reached 1.1  kg). In these experiments, water quality was suitable for the tilapia Incubation, nursing and 
grow-out phases. 
Maxlmum total biomass was 60 kg,  i.e..  31 kg~n"~.  Thls depended on the water system of the culture 
tanks whlch could be easily modified and give an increase of approximately 30%. Plant production reached 
201 kg  over a six-month period, i.e., approximately 5 kg of tomato per plant. 
Over a period of 359 days. the Versailles system recycled 25,843 m3 of water and used 75 m3  of new 
water, including water for cleaning and for plants. Thls volume of  water represents the recycling of 8.6% of 
the total volume of the system per day and 0.29% of the recycled water. Total power consumption for the 
359 days was 6,500 kW, i.e.,  0.25  kW~r-~  of recycled water. This rate can be significantly reduced with the 
use of a more efficient pump. 
We showed the Impact, on juvenile stages, of a mixture of toxic products such as ammonium nitrogen 
and nitrites. Such impact had been overlooked In earlier studies despite the negative effect of  these products 
on the growth, survlval and potential weakening of the Ash  In the presence of pathogens. We observed 
through our different culture experiments the Influence of stocklng conditions In recycled systems on the 
reproduction of tilapia. Predictable obstacles In the production of flsh with plants are a consequence of a 
fragmented interpretation of the traditional crlterla of the Ash envlronment (pH,  02,  F,  ions and dissolved 
substances). Each  level should be adapted to optimize production. Thls static view does not reflect the 
complete process of a system In production. Our observations showed cycles or periods whlch govern the 
different flows of the system. Therefore, the fine-tuning of these technlques requires the synchronization OF 
the variations of the flows in order to optimize the chain of production. 
The three major levels (Fish, bacteria  and tomato) each have different cycles and varlatlons. The main alm 
of our experiments was  to establish the main synchronization clock that would take into account their 
frequencies. 
The results of Versailles and of Niamey led to the formulation of analyses that must be conflrrned. In 
comparing different sites, thus eliminating climate Influences, we should be able to provide Important keys 
for the design and management of systems In varled conditions wlthout being bound by conclusions drawn 
from the results of a slngle site. 
With regard to the animal component, we should study the upper limit of the system by increasing the 
stocklng rates of flsh and test other species. This study should be done with our reference feed and wlth 
Feed  adapted to local resources.  For  the plant component, a diversification of species and of varieties is 
possible. The Development of  a Tilapla Strain Registry 
as  Part of FishBase 
W. VILLWOCK  ; 
U. SIENKNECHT 
Zoologisches fnstitut und Zoologisches Museum 
Martin-Luther-Klng-Platz 3 
0-2000  Hamburg 13,  Germany 
R. FROESE 
L.  AGUSTIN 
International Center for Living 
Aqua  tic Resources Management 
MCPO Box 2431, 0718 Makati City 
Metro Manila, Piiiltppfnes 
VILLWOCK.  W..  U. SIENKNECHT,  R.  FROESE  and L.  AGUSTIN.  1996. The development of a tilapia straih 
reglstry as part of FishBase, p. 553. In R.S.V.  Pullln, 1.  Lazard, M. Legendre, J.B.  Arnon Kothlas and D. 
Pauly (eds.) The Third International Symposlum on Tllapla In Aquaculture. ICLARM Conf. Proc. 41, 575 p. 
Abstract 
The Zoologisches lnstitut und Zoologisches Museum Hamburg (ZIM) and the International Center For 
Living Aquatic Resources Management (ICLARM) collaborate in  developing and malntalnlng a Tllapla Straln 
Reglsty. ICLARM compiles a large biological database on fish (named FishBase) which gathers all available 
InFonnatlon  on  tllapllne species (e.g..  habitats, genetic data. electrophoretic data, origin of  strains, aquaculture 
performance, etc.).  ZIM Is settlng up a collection of tilapiine species and assembles inkmation on the 
avallablllty of  tllapllne types In other  museums.  ZIM also verifies and supplements the information on 
tilapllne species as  contained in FishBase.  As of August  1996.  1  17 tllapllne specles plus 47 strains are 
documented on the FlshBase CD-ROM, available from ICLARM. 
Meanwhile. the Food and Agriculture Organization of  the Unlted Natlons (FAO) and ICLARM have slgned 
a Letter of Agreement to cooperate on the further development of the strain registry. Effects of  Dietary Levels of  Carbohydrate,  Lipid, 
Phosphorus and Zinc on the Growth and Feed Conversion 




Institute of  Hydobiology 
Academia Sinica 
Wohan, HubeJ,  China 
ZHONGJIE. L., L. WU and Y.  YUNXIA. 1996. Effects of dietary levels of carbohydrate, lipid. phosphorus and 
zinc on the growth and Feed conversion of Nlle tilapia (Oreochromls niloticus),  p. 554. In  R.S.V.  Pullin, J. 
Lazard, M.  Legendre, J.B.  Amon Kothlas and D.  Pauly  (eds.) The Third International Symposium on 
Tilapia in Aquaculture. ICLARM Conf. Proc. 41, 575 p. 
Abstract 
A 54-day feeding experiment was conducted on juvenlle Nlle tuapia (Oreochromis  nilotlcus)  using purified 
diets containing equal contents of digestible energy (3,200 kca1.kg.l) and 20% protein. The carbohydrate 
(dextrin)  content in the test dlets was 9, 32 or 50%: the corresponding llpld (soybean  oil) content was 22.2, 
12 or 4%. The diets were supplemented wlth 0.85 or  1 .5% phosphorus and 40 or  100 mg,kg-' zinc. The 
experiment was carried out in flowthrough aquarla uslng dechlorinated tap water at 24°C. Increasing the 
carbohydrate content In the diet resulted in 43 to 249% increases in weight gain and 27 to 59% increases 
In feed converslon ratlo. The dietary phosphorus  was important for the growth of the fish Fed high carbohydrate 
dlets. In fish fed diets of 36-50% carbohydrate, the higher supplementary phosphorus level (1.5%) greatly 
Increased the welght gain. On the contrary, higher supplementary rlnc (100 mg.kg")  inhibited growth. 
Hlgher supplementary zinc had a positive effect on feed converslon only In the group fed 50% carbohydrate 
dlets. 555 
D. SPONSORS AND  COLLABORATORS 
ACCT 
Agence de cooperation culturelle et 
technique 
The Agence de cooperation culturelle et  technique 
(ACCT) was created in Niamey in  1970. It is the only 
intergovernmental organization for Francophone affairs 
and the maln operator of the biannual conferences of 
heads of States and of governments of countries having 
French  as a  common language, also known  as 
Francophone Summits. 
The ACCl serves  as the Secretariat for all Francophone 
representations. Its multilateral activities are concerned with education and trainlng, 
culture and communication, technical cooperation and economic development, legal 
and  judiciary cooperation and  varipus specific  operations under its Special Development 
Program. 
In addition to its headquarters in Paris, the ACCT maintains an international school in 
Bordeaux, France, where its general direction for education and training is  located; an 
Institute for Energy for countries having French as a common language (IEPF) in Quebec, 
Canada; liaison ofices  wlth international organizations in Geneva, Switzerland; with the 
European Union in Brussels, Belgium; with the United Nations in New-York, USA; and 
regional offices for West Africa in  Lome, Togo; for Central Africa in  Libreville, Gabon: 
and for Asia-Pacific in Hanoi, Vietnam. 
ACCT  brings together 44 countries or governments: Benin, Bulgaria, Burkina Faso, 
Burundi, Cambodia, Cameroon, Canada, Canada-New-Brunswick,  Canada-Quebec. Central 
Afrim  Republic, Chad. Comoros, Congo. CBte d'hroire. Djibouti, Dominica, Egypt. Equatorial 
Guinea, France, the French community in Belgium. Gabon, Guinea, Guinea-Bissau.  Haiti, 
Laos, Lebanon, Luxembourg, Madagascar, Mali. Mauritania, Mauritius, Monaco. Morocco, 
Niger, Romania, Rwanda, Saint Lucia, Senegal. Seychelles, Togo, Tunisia, Vanuatu, Vletnam 
and Zaire (the  Kingdom of  Belgium, Cape Verde and Switzerland bring to  47 the  number 
of countries and governments participating In the Francophone Summits). 
ACCT In the World 
Headquarters: 
13, quai Andre-Citroen, 7501  5 Paris, France 
Tel.: (33)  1 44 37 30 00 +, Fax: (33) 1 45 79 14 98, Telex: 201 916 F 
Direction generale Education - Formation - Ecole  internationale de  Bordeaux: 
43, rue Pierre-Noailles,  33405 Talence, France 
Tel.: (33)  5 56 84 25 00 +, Fax: (33) 5 56 04 42 01, Telex: 57  1 741 F 
lnstitut de I'energie des pays ayant en commun I'usage du franpis: 
56, rue Saint-Pierre, Quebec,  Canada. GI  K4A1 Tel.: (1  -41 8)  692 57 27, Fax: (1-41  8)  692  56 44,  Telex: 05  1 3024 
Bureau regional de  I'Afrique de  I'Ouest (BRAO) 
B.P. 7223, Lomt, Togo 
Tel.:  (228)  21 43 50, Fax: (228) 21 81 16,  Telex: 5024 
Bureau regional de  I'Afrique centrale (BRAC) 
B.P. 8075 Libreville, Gabon 
Tel.: (241) 73  95 61, Fax: (241) 73  95 58. Telex: 5202 
Bureau rCgional de  I'Asie-Pacifique  (BRAP): 
2 B Van PhClc (quartier diplomatique) Hanoi. Vietnam 
Tel.: (84-4)  23  18  36,  Fax: (84-4) 23 18  43 
Bureau de  liaison de  Geneve (BdG) 
46, avenue Blanc,  1202  Geneva, Switzerland 
Tel.: (41  -22) 738  96 64, Fax: (41  -22) 738 96 82 
Bureau de  liaison aupres de  I'Union  europgenne: 
8,  chaussCe de  Charleroi,  1060  Brussels, Belgium 
Tel.: (32-2) 535 67  82 
Bureau permanent d'obsewations aupres des Nations unles 
801, 2nd Avenue, Suite 605, New York. N.Y.  1001  7, U.S.A. 
Tel.: (1-212) 867  67  71. Fax:  (1-212) 867  38 40. 
ClRAD 
Centre de coop6ration internationale en 
recherche ngronomique  pour le 
d6veloppement 
The Centre de  cooptration lnternationale en recherche agronomique 
pour le  dCveloppement (CIRAD) is  a French research organization 
specialized in the  agricultural development of  the tropical and subtropical 
regions. In  1984, ClRAD became a governmental institution with 
the  consolidation of  French agricultural, veterinary, forestry and food technology research 
organizations for the tropics and subtropics. 
CIRAD's mission is to  contribute to  the economic development of these regions through 
research, experimentations, training, and dissemination of scientific and technical information. 
The Centre employs 1,800  persons, including 900 senior staff, who  work in about 50 
countries. Its budget amounts to  approximately 1 billion French Francs, more than half 
of which is  derived from public funds. 
ClRAD is made up  OF seven departments: CIRAD-CA (annual crops):  CIRAD-CP (permanent 
crops);  CIRAD-FHLOR (fruit and garden crops): CIRAD-EMVT (livestock production and 
veterinary medicine); CIRAD-For&  (forestry): CIRAD-SAR  (food technology and rural 
systems); and CIRAD-GERDAT  (management, common services and laboratories, and 
documentation). ClRAD operates through its own research Facilities, and in cooperation 
with national agricultural research systems and development projects. 
The mission of CIRAD-EMW is to contribute to the development and upgrading of 
livestock production and industry in the warm regions of Africa, Asia, South America 
and the Pacific. In the  field of living aquatic resources, CIRAD-EMW is conducting  through its  Aquaculture 
Research Unit (ABEL: aquaculture, biology and culture) research and development programs 
on three continents: Africa, South America and Asia. Research activities are focused on 
the biology of fish species  for aquaculture and  on  the ecology of  fishponds. At the  same 
time. several aquaculture techniques and production systems are  studied In the  framework 
of pilot projects. CIRAD-EMVT assists many tropical countries in the  design and implementation 
of their development strategy. In  addition, experimental facilities are maintained  in 
Montpellier by CIRAD-EMW to further studies on tropical species; to  train its partners 
from tropical countries: and to disseminate scientific and technical information. 
CIRAD-EMVT 
Unite de  recherche aquaculture ABEL 
GAMET 
BP  5095 
34033 Montpellier Cedex 1 France 
Tel.: (33)  4 47 04 63 00 or 4 67 04 63  65 
Fax: (33)  4 67 43 57 95 
CRO 
Centre de  recherches odanologiques 
Created in  1958  as  a Government Service under the administrative 
umbrella of ORSTOM until November 1991,  the  Center was reorganized 
by Decree no. 91  -646 of  9  October 199  1 as a National Public Institution 
whose basic mission is to  conduct research in the fields of  oceanology, 
limnology and aquaculture. 
With the  aim of providing policy- and decisionmakers with elements 
of  reflection  based on a wider understanding of  these ecosystems, 
the Centre de recherches octSanologiques of  Abidjan has, since 1958, 
focused Its research on the interactions between the individual and cro 
the environment. Three major research directions were developed around a unifying 
theme, fish: 
to  increase the knowledge base on ecosystems, focusing on the effects of climate 
change, the trophic relationships between fish communities and plankton and benthic 
resources, and the degradation of the environment near urban areas; 
to  continue evaluation of pelagic and demersal stocks to serve as  a basis for pro- 
posals to  rationalize resource management and respect the renewal of  resources; and 
to  study  the potential for aquaculture of Id  species based on  biology and physiology 
of  these species and to  present the research results to developers. 
These major directions all aim to  improve the  management of fragile aquatic  environments 
and  should, in time, lead to  a wiser use of the natural resources. Extension efforts should 
contribute to populations becoming progresslvely responsible for the management of 
their environment, with the  aim of sustaining their actlvitles in a protected environment. 558 
CTA 
Technical Center for 
Agricultural and Rural 
Cooperation 
The ACP-EU Technical Center for Agricultural and Rural Cooperation (CTA) was created 
in 1983 and operates under the Lome Convention between Member States of the European 
Union and the African, Caribbean and Pacific States (ACP). 
CTA collects, disseminates and facilitates the exchange of information on research, 
training and innovations in the spheres of agricultural and rural development and extension 
For  the benefit of the ACP States. 
To  achieve this, CTA  commissions and publishes studies; organizes and supports 
conferences, workshops and seminars; publishes and co-publishes a wide range of books, 
proceedings, bibliographies and directories; strengthens documentation services in ACP 
countries: and offers an extensive information service. 
CTA 
Postbus 380, 6700  AJ Wageningen, The Netherlands 
Tel.: (31-317) 46 71 00 
Fax: (3  1-3  17)  46 00 67 
ICLARM 
International Center for Living 
Aquatic Resources 
Management 
ICLARM is an autonomous, nongovernmental, nonprofit, international scientific and 
technical center which has been organized to  conduct, stimulate and accelerate research 
on all  aspects of  fisheries and other living aquatic resources. It  was incorporated in 
Manila in 1977. It became a member of the Consultative Group on International Agricultural 
Research (CGIAR) in  1992. 
ICLARM is an operational organization, not a granting entity. Its program of work is 
aimed to  resolve critical, technical and socioeconomic constraints to increased production. 
improved resource management and equitable distribution of benefits in economically 
developing countries. The center's work Focuses on tropical developing countries in 
both marine and freshwater areas. Research is carried out on the population dynamics, 
on alternative management schemes and on improving the productivity of  key species. 
The work includes cooperative research with institutions in  developing countries and supporting activities in information and training. The programs of ICLARM are  supported 
by a number of private foundations and governments. 
Policies are set by a Board of  Trustees with members drawn from the International 
community. Direction of ICLARM, under the policies set by the Board, is the responsibility 
of the Director General. 
ICLARM 
MCPO Box 263 1 
07 18 Makati City, Philippines 
Tel.: (63-2)  818 04 66; 818 92 83; 817 51 63 and 812 86 41 to  47 
Fax: (63-2)  81 6 31 83 
INRA 
Institut national de la 
recherche agronomique 
At the service of  agriculture, food industry 
and environment, INRA Is  one of the major world agricultural research organizations. 
Legal ldentlty and  Mlsslons 
Created in 1946, INRA became, in 1984, a publk institute with a scientific and technological 
mandate under both the French Departments of Research and Agriculture. 
Its main areas of research are:  -  resource identification and management in the physical environment (soil, micro- 
climate and water resources);  -  improvement of  vegetal and animal production relevant to  agricultural economy, 
including forest and aquatic species; 
-  conservation, transbrmation of agricultural products into food products and adaptation 
to  consumer needs. 
-  utilization of non-food agricultural products through development of  specific cultures 
or the use of by-products;  -  protection and rational management of natural resources and rural environment; 
and 
-  increased awareness of  the agricultural and rural  world and its transformation 
through the development of social sciences. 
Structures and Operatlon 
A permanent staff of 8,700 including 1,800 scientists and 2,100 engineers is working 
in 300 laboratories and 170 experimental facilities located in most regions of France, 
including French Guyana and Cuadeloupe. Its total budget of over 3 billion hams is  covered essentially by publlc funds (87%) 
and  by INKS  own  resources (1  3%),  including revenues from germplasm, licenses, contracts, 
etc. 
Scientific Cooperdon 
To achieve its objectives, the Institute develops important partnerships with: 
-  institutes of  higher education, particularly schools of agriculture and veterinary 
studles  (35  associated laboratories), but also with universities ( 10  associated laboratories) 
and other major schools (ENS, INSA, etc.);  -  other French scientific organizations: CNRS, INSLRM (particularly on human nutrition), 
CEMAGREF (forestry and water resources), CEA (environment) and ClRAD (tropical agriculture); 
and  -  foreign research organizations, particularly European (BBSRC and DLO) and American 
(AAC .and USDA) institutes as  well as  international organizations (FA0 and CIRA). 
INRA 
147, rue de  I'Universitt 
75338 Paris Cedex 07 
Tel.: (33) 1 42  75  90 00 
Fax: (33) 1 47  05 99 66 
The French Ministry of Cooperation 
Wlth 0.57% of  its gross  national product dedicated 
in  1995 to official development assistance in  1994. 
France ranks, in absolute value, second among  donor 
countries. An important part of France's state aid is 
aimed at Africa, particularly Francophone Africa. 
The Ministry of Cooperation is active in 7 1 countries 
of subSaharan Africa, the Caribbean and the Pacific 
regions. Because these countries are signatories to  COO  pe  rat  i  o  n 
the Lome Convention, greater synergy and eFnciency 
are achievable with projects of the European Union.  franeaise 
Concerned with the  establishment of constitutional 
States and the  guarantee of civil peace, French cooperation accompanies its partners in 
the  pursuit of a more efficient organization of their society and of increased transparency 
and pluralism which are necessary conditions to greater integration in  international 
economy and exchanges. French Cooperation aspires to assist developing countries to  effect, in conditions of 
stability, the economic and social changes  that are essential to  a sustainable development. 
The Ministry of Cooperation is involved in the following areas: 
-  economic development and the environment; 
-  education, research and culture; 
-  health and social development; and 
-  institution building. 
Ministere de  la Cooperation 
Dtpartement de  I'information  et  de  la communication 
20,  rue Monsieur 75007  Paris 
Tel.:  (33)  1 53 69  30  00 
Fax:  (33)  1 53 69  32  94 
Email: coopcom  1 @magic.fr 
L'lnstitut franqais de 
recherche scientifique pour 
le d6veloppement en 
coop6ration 
ORSTOM is a scientific and technological public institution operating under the umbrella 
of  the French Departments of Research and Cooperation. Its missions are: 
To promote and undertake with the appropriate partners any scientlflc research 
work that will contribute to  the economic, social and cultural development of developing 
countries through the study of the physical, biological and human environments of these 
countries; 
To guarantee scientific and technical information in  the difirent environments 
concerned; 
To contribute to the translation of its research results in social, economic and 
cultural terms; 
To contribute to  the scientific capacity-building of  the South, to  xientiflc tralning 
and to specific assistance: To  encourage and contribute to common endeavors with national, European and 
international partners in its areas of  expertise. 
Means 
ORSTOM employs 2,500 staff  including 600 from the South with  a budget of  one 
billion francs. 
Research areas 
Interdisciplinary research is the focus of  ONTOM'S  research activity. About 900 researchers 
concentrate their work in Five  main research areas: 
The conditions and modes of development: 
The physical environment, its resources and the impact of human activities on the 
environment; 
The use of  natural resources and sustainable development; 
-  Development in urban  environments; 
Health and development. 
L'lnstitut franqais de recherche scientifique pour le dCveloppement en cooperation 
209-2 13, rue la  Fayette 
75480 Paris cedex 10 
Tel.: (33) 1 48 03 77 77 
Fax: (33) 1 48 03 08 29 
These proceedings constitute the first publication prepared at ICLARM  using a translation 
software and a fisheries terminology database developed by  the Translation Services 
Unit  of  the Center. Jean-Franqois Baroiller, Eva  Claudio, Carl  Dawson, Beth  Eleccion, 
Daniel Pauly and Xavier Rognon are thanked for their assistance in the various stages ol 
the translation work. Author Index 
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